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The  Mathematical  Sciences  are  at  once  the  most 
perfect  and  the  most  valuable  portion  of  human  know- 
ledge. They  are  valuable,  not  only  for  their  own 
direct  applications  to  the  business  of  life,  for  the  num- 
ber of  sciences  to  which  they  are  the  key,  and  the 
number  of  arts  of  which  they  are  the  foundation,  but 
they  have  a  value,  higher  and  more  important,  if  pos- 
sible, in  the  strength  which  they  give  to  the  mind,  and 
the  exercise  which  they  afford  to  its  noblest  faculties  > 

There  is,  indeed,  no  road  to  clear,  forcible,  and  con- 
nected reasoning,  but  that  which  is  opened  up  by  the 
Mathematician ;  and  whatever  be  a  man's  profession  or 
station  in  the  world,  we  are  always  able,  from  his  mode 
of  stating  a  proposition,  or  conducting  an  argument, 
to  say  whether  he  be  or  be  not  a  Mathematician.  In 
every  other  department  of  knowledge,  there  is  some 
uncertainty — some  hypothesis  assumed,  of  which  the 
foundation  is  unsearched  or  inscrutable,  or  something 
which  hinges  upon  the  undefined  and  undefinable  pro- 
perties of  mind  or  of  matter,  or  upon  the  contingency 
of  events.  Is  language  the  medium  through  which 
one  would  arrive  at  logical  precision  ?  Then  living  lan- 
guage is  mutable,  and  dead  language  is  ambiguous. 
Is  it  human  nature?  Then  who  can  gauge  the  mind, 

-  who  can  number  its  propensities,  or  measure  its  eccen- 
tricities? Is  it  life  and  manners?  Then  the  modes 
vary  with  every  individual  and  with  every  hour.  Is 
it  medicine  ?  Then  the  life  of  that  man  is  short  indeed 
who  has  not  seen  fifty  nostrums  and  modes  of  treat- 
ment rise  into  vogue  and  sink  into  iieg\e.eV.,  ^VSwsviV 
any  reason  assigned,  or  assignable,  e\l\iei  fox  \!ckea  \V6>^ 

or  their  fall.    Is  it  Jaw?  Then  ¥?Yio  aVvaW  xiwoiw 
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the  absurdities  of  the  statute-book,  to   say  nothing 
about  the  practice  ?  Chemistry  is  one  tissue  of  puzzles 
and  disputes ;  and  in  pure  Physics,  it  is  not  much  bet- 
ter.    In  the  physical  sciences  there  is  indeed  a  mathe- 
matical element;  and  so  far  as  this  goes,  they  ar^  clear, 
orderly,  and  precise;  but  the  moment  that  it  is  left 
out  we  are  in  the  regions  of  theory — the  wilds  of  doubt 
and  uncertainty.     With  the  student  of  most  of  these, 
the  ground  is  unstable  under  his  feet,  the  path  by 
which  he  advanced  has  closed  upon  him,  and  that  by 
which  he  has  still  to  advance  has  not  opened:  with 
the  mathematician  every  step  is  upon  sure  ground ; 
and  he  sees  how  he  came  and  where  he  is  to  proceed. 
Nothing  that  is  contingent  or  ideal  is  admitted.     He 
hunts  out  every  lurking  sophism,  rejects  the  smallest 
aberration  from  truth,  and  goes  on  with  absolute  con- 
fidence and  absolute  certainty. 

A  system  of  mental  discipline,  so  valuable  for  the 
extensive  and  positive  advantages  which  it  affords, 
cannot  be  pressed  too  earnestly  upon  the  attention  of 
the  public,  or  come  before  them  in  too  many  shapes ; 
and  it  is  to  be  regretted,  that  in  this  age  of  pretended 
improvement,  the  soundness  and  certainty  of  mathe* 
matical  cultivation  should  have  given  place  to  some- 
thing far  more  hght  and  flimsy — to  the  mere  blandish- 
ments of  the  Belles  Lettres,  or  such  simple  preparation 
for  a  man's  individual  trade,  as  may  make  him  a  handy 
tool  for  carrying  on  that  trade,  but  nothing  else.  In 
proof  of  this,  let  any  look  into  the  works  of  those 
called  (not  the  Learned,  according  to  the  good  old 
English  phrase)  but  the  Literati,  and  he  will  find,  amid 
aJJ  the  sparkle  of  their  abundance  of  words,  and  all 
Ae/r  affecta  iment,  tViere  \s  a  ^\feTi\.ea\ji%\^OR 

'  depth  o  soundness  o?  pivacv^\^. 
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Let  any  one  turn  to  the  Magazines,  those  reputed 
barometers  of  taste,  and  he  will  find  that,  with  one 
exception,  the  Monthly   Magazine,  there  is  not  in 
any  of  them  a  single  scrap  of  science,  or  a  single 
article  aiming,  at  a  higher  or  more  durable  character, 
than  tlie  idle  amusement  of  an  idle  hour.     Chapters 
of  novels  and  tales,  which  have  been  rejected  in  the 
shape  of  volumes ;  rhymes,  in  which  there  is  neither 
poetry  nor  point,  and  slender  critiques  upon  matters 
still  more  slender,  have  come  in  the  place  of  the  pro- 
found remarks  and  masterly  dissertations  of  the  John- 
sons, Hawksworths,  Prices,  Priestleys,  and  Thomsons, 
who  once  gave  vigour  and  value  to  our  periodical 
literature.    Iix  the  regular  books  it  is  not  much  better ; 
we  have  tales  and  travels,  accounts  of  ideal  beings 
who  never  could  exist,  and  of  real  ones  who  will  not  be 
remembered;  and  even  in  the  scientific  departments, 
we  have  the  science  of  skulls  and  of  shells,  instead  of 
the  dissection  of  mind,  and  the  display  of  the  gran- 
deur of  nature.     The  whole  structure  has,  in  short, 
'  become  light  and  frivolous;  and  though  there  be  no 
"royal  road  to  Geometry"  now,  anymore  than  there 
was  in  the  time  of  the  Grecian  sage,  we  have  found 
out  a  bye-path  to  Fame,  such  as  it  is,  by  which  Geome- 
try may  be  avoided.   Under  these  circumstances,  every 
attempt  to  bring  genuine  science  within  the  range  of 
a  greater  number  of  readers  is  praiseworthy. 

In  the  following  pages,  it  has  been  the  object  of  the 
compiler  to  reject  every  thing  trivial,  and  to  present 
a  body  of  mathematical  and  physical  knowledge  as 
substantial  and  as  complete  as  it  is  unobtrusire.  He 
has  been  sedulous  to  exclude  every  Ihing  meieVj  otTia.- 
mental;  and  by  doing  this  he  liopes  XSci^X.  \v^  V-jv^ 
squeezed  into  this  little  volume  all  the  xe^Wj  \jl^^%5 
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matter  nvhich  is  to  be  found  in  works  of  far  higher 
price  and  loftier  pretensions.  Science  is  not  a  thing 
of  fashion,  and  therefore  little  novelty  can  be  expected. 
Discoveries  and  inventions  in  pure  Mathematics  weit 
never  abundant  at  any  period,  and  latterly  they  have 
been  exceedingly  few. 

As  the  compiler  has  himself  had  a  good  deal  of 
practice  in  communicating  mathematical  knowledge, 
he  hopes  he  may  be  pardoned  if  he  offers  a  few  wor^s 
on  what  to  him  appears  to  be  the  most  successful  way 
of  pursuing  the  study  of  them.     Number,  and  form, 
and  quantity,  are  the  three  subjects  of  all  mathemati- 
cal speculation.    Number  is  the  most  simple,  perhapi 
the  most  simple  of  all  subjects  of  correct  and  rational 
enquiry;  and  therefore  it  is  the  one  with  which  to 
begin.  The  notation,  and  common  operations  are  easily 
understood ;  and  these  being  once  managed,  a  most 
beautiful  field  of  speculation  is  opened  up.     The  doc- 
trine of  prime  and  composite  numbers,  the  doctrines 
of  divisors,  of  fractions,  and  of  ratios,  and  the  doc- 
trine of  roots  and  powers,  are  all  beautiful  in  them- 
selves, and  prepare  the  student  for  entering  upon  the 
more  general  subject  of  Algebra.    That  science,  as 
far  as  relates  merely  to  numbers,  should  immediately 
follow  the  study  of  Arithmetic ;  and  then  the  mind  is 
prepared  for  the  elements  of  Geometry.     In  the  study 
of  these,  old  Euclid  never  has  been,  and  probably  never 
can  be,  equalled ;  and  so  the  first  book  of  his  elements 
may  follow  the  study  of  the  notation,  the  common 
rules,  and  simple  equations  in  Algebra.     Before  enter- 
ing upon  the  second  book  of  the  elements,  the  student 
may  proceed  a  little  way  with  quadratics,  and  these 
and  the  second  book  will  mutuaft^  ^.sraX.  ew^  c^Oosst. 
Wien  quadratics  are  leett  uadei&loo^,  ii!si^^\io\^  x^- 
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maining  books  of  the  elements  both  of  Geometry  and 
of  Trigonometry  are  easily  mastered ;  and  then  may 
come  the  higher  equations.   After  this,  the  elements  of 
the  fluxibnary  or  differential  calculus  may  be  studied ; 
and  then  the  doctrine  of  curves ;  and  the  more  abstruse 
parts  of  the  calculus.    And,  when  this  has  been  done, 
the  student  is  ready  for  the  mixed  sciences;  and>  with 
such  preparation,  his  progress  can  hardly  fail  in  being 
both  sure  and  rapid.     Before,  however,  he  proceeds  too 
far  in  the  mechanical  sciences,  it  is  advisable  that  he 
study  the  elements  of  Chemistry,  just  for  the  purpose 
of  enabling  him  to  decide  what  phenomena  are  mecha- 
nical and  what  are  not.     Such  a  course  of  study  as  we 
have  been  sketching,  would,  if  rightly  gone  about,^bt 
occupy  more  lime  than  most  boys  waste  upoi^'  a  few 
idle,  or  at  least  superficial,  accomplishments,  audit 
would  fill  society  with  men  of  another  description 
than  are  now  found  in  them. 

To  contribute  to  such  a  result  is  one  of  the  objecta 
of  this  Dictionary;  and  we  shall  close  this  preface 
by  mentioning  the  names  of  a  few  of  the  books  which 
would  be  found  useful  as  auxiliaries,  or  which  would 
furnish  those  details  which  cannot  be  looked  for  in  a 
work   so  small  and  so  condensed  as  this: — For  a 
general  synopsis,   perhaps  no  book   is   better  thaa 
Nicholson;  but  Bezout,  and  some  others  of  the  French 
authors,  are  more  systematic.  Of  Arithmetic,  the  books, 
are  many;  but  in  English  few  of  them  are  profound. 
Barlow'a  Theory  of  Numbers  is  among  the  best.    The 
practical  ones    are  without   number,    and   many  of 
them  without  variety.     Joyce,  Hutton,  Bonix']c^\\!&>. 
VffsXkiDgham,  Vyse,  and  far  from  the  W0Tst,I>i.  "A^- 
mJion,  may  be  noted.  In  Algebra^  Euler  u  al  oivc^  ^5^^ 
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most  simple  and  the  most  profound.    Then  we  have 
Bridge,  Wood,  Ludlam,  Simson,  and  a  hundred  others 
In  Elementary  Geometry  we  have  Euclid ;  Playfair's 
last  edition  is  decidedly  the  best.     Again,  in  the  prac- 
tical parts,  we  have  Button's  Course,  Crocker's  Sur- 
veying, Keith's  Mensuration,  Moore   and   Mackay's 
Navigation,  and  an  endless  chain.     On  Trigonometry, 
we  have  Wood,  Wodehouse,  Keith,  and  many  others. 
On  Fluxions  and  the  differential  Calculus,  we  have 
Simson,  Vince,  Stone,  La  Croix,  Boucharlat,  and  many 
others.     In  Mechanical  Philosophy,  we  have   Blair's 
^  Grammar,    Young's    Lectures,    Bridge's    Mechanics, 
"Wood  and  Vince's  Course,  Playfair's  Outlines,  part  of 
thbv^ame,  foy  Leslie,  and  a  Course  by  Millington.     In 
Astronomy,  we  have    Vince,    Squire,    the   Wonders 
of  the  Heavens,  and  a  variety  of  others.     In  short, 
if  we  have  relaxed  in  our  mathematical  and  scientific 
studies,  it  is  not  for  want  of  books;  for,  though  they 
be  of  lighter  fabric,  and  fewer  in  proportion  to  the  whole 
number  of  books  than  at  some  former  periods,  they 
are  still  numerous;   and  if  we  do  suffer,  it  is  not 
through  want  of  books,  but  want  of  readers. 

Every  lover  and  student  of  the  Sciences  will  duly 
estimate  the  value  of  a  portable  Dictionary  of  the 
Mathematical  and  Philosophical  Sciences.  Other 
Dictionaries  of  these  subjects  are,  by  their  high  price, 
placed  beyond  the  reach  of  the  general  mass  of  pur- 
chasers, while  by  their  fullness  they  tend  to  supersede 
elementary  works,  without  supplying  their  places.  The 
great  use  of  a  Dictionary  is  to  aid  study  by  convenient 
reference  to  particular  points  of  difficulty,  and  to  assist 
enquiry  by  aa  alphabetical  anangemeaX  oi  ^\sSb\^«X»» 

J^onefon,  Sept.  10,  182a, 
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iBACUS.    A  Ubie  nscd  before 
the  ititrodnction  of  the  modern  or 
ticnrate  arithmetic,    for    facilitatp 
ing  the    basinesn   of    calcalution. 
Originiliy  it  appears  to  have  been 
nothing  more  than  a  smooth  piece 
of  lM>ard,  covered  with  sand,  and 
served  indifferently  for  arithmeti- 
cal compntatioDS,   or  geometrical 
dia{;rams.    The  word  calcvlate  is 
derived  from  the  calculi,  or  small 
pebbles,  which  were  used    along 
with  the  abacas.    These  were  di!»- 
tribnted  in  rows,  eacli  row  havint: 
a  different  value,  in  the  same  man- 
ner as  the  ranks  or  places  of  figures 
have  in  the  modern  scale  of  num- 
bers.    As  many  rows  were  requir- 
ed as  there  were  ranks  or  places 
in  the  largest  number  which  en- 
tered into  thecalcalation;  and  one 
counter  less   than  the   root  of  the 
scale  ot  arithmetic  was  required  { 
for  each  row.       For    instance,    ii 
tke  root  of  the  scale  had  been  10, 1 
nine   counters   would   have    been 
Rqnired    in    each  ;  and  to  express 
Uy  particular    number,   as  many 
Would     have     been    required     in 
nch    row  as  there  were  ones  in 
the  correspond itig  word  or  figure. 
Thos,  305    would   hitvc    been    ex- 
pressed by  5  Ml  the  ri|;ht-liand  row, 
tm  the  second,  and  3  in  the  ihird. 
Itis  easy  to  see  how,    k>y  the  help 
<tfsach   an    instrument,    the  com- 
Xmi  operations  of  arithmetic  could 
W  performed. 

.ABERRATION,  an  apparent  mo. 
^  of  the  celestial  b<idies,  occ»- 
fiaatd  by  the  progressive  motion 
J 


of  li}:ht,  and  the  earOi's  motion  in 
its  orbit.  This  apparent  motion  is 
so  minute,  that  it  could  never  nave 
been  discovered  by  observation*, 
unless  they  had  been  mude  with 
extreme  care  and  accuracy.  Dr. 
Bradley,  astronomer  royal,  was 
led  to  It  accidentally  by  the  result 
of  some  careful  observations, 
which  he  made  with  a  view  of  de- 
termining the  annual  parallax  of 
the  fixed  stars.  If  light  be  sup- 
posed to  have  a  progressive  mo- 
tion, the  position  of  the  telescope, 
thrcMigh  which  any  celestial  object 
is  viewed,  must  be  different  Ironi 
that  which  it  must  have  been,  if 
light  were  iiiNtantaneous ;  and, 
therefore,  the  place  measured  in 
tile  heavens  will  be  dillereni  from 
the  true  place. 

Clairaul  explains  the  aberration, 
by  supposing  drops  oi  rain  to  fall 
rapidly  alter  each  other  from  a 
cloud,  under  which  a  person 
moves  with  a  very  narrow  tube ; 
in  whicii  case  it  Is  evident  that  the 
tube  must  have  a  certain  inclina- 
tion, in  order  to  admit  a  drop  which 
enters  at  the  top,  to  fall  fieely 
through  the  axis  of  the  tube,  with- 
out touching  the  sides  of  it ;  and 
this  inclination  must  be  greater  or 
le»s,accordiin!  lo  the  velotityot  the 
drops  in  respect  lo  ihat  of  the  lube. 
In  this  case,  the  angle  made  by 
the  direction  of  the  tube,  and  that 
of  the  fallinp  drops,  is  the  aberiii- 
liou,  arising  from  the  combmuViou 
of  these  two  niotious. 
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To  Jtnd  the  Aberration  of  a  Star  in 
Latitude  and  Longitude, 

1 .  The  greatest  aberration  in  la- 
titude^ is  equal  to  30'^  multiplied 
by  the  sine  of  the  star's  latitude. 

2.  The  aberration  in  latitude  for 
any  time  is  equal  to  20"  multiplied 
by  the  siue  of.the  star's  latitude, 
and  tlve  sine  of  elongation  for  the 
same  tim«. 

The  aberration  is  siibtractive  be- 
fore opposition,  and  additive  after. 

3.  The  greatest  aberration  in 
longitude  is  equal  to  20"  divided  by 
the  cosine  of  the  star's  latitude ; 
and  the  aberration  for  Any  time  is 
equal  to  that  quotient  multiplied 
by  the  cosine  of  the  elongation  of 
the  star. 

This  aberration  is  subtractive  in 
the  first  and  last  quadrants  of  the 
argument,  and  additive  in  the  se- 
cond and  fourth  quadrants. 

8X AMPLY  1.  To  find  the  greatest 
aberration  ofy  Ursa  Minoris,  whose 
latitude  is  IS^  131. 

Here  the  sine  75**  IV  =  '9669 ;  con- 
sequently 20"  X  0669  =  19.31",  the 
greaies/t  aberration  in  latitude.  Al- 
so cosine  75**  13/  =  'Sf551 ;  and  there- 

20" 

fore = 78.4^',  the  greatest  «6w- 

•2551 

ration  in  longitude* 

2.  To  find  the  aberration  of  the 
same  star  in  latitude  and  longitude, 
when  the  earth  is  30°  irom  syzy- 
gies. 

Here  sine  of  30*=  '5 ;  and,  there- 
fore, 19.34"  X  •5=9'67",  the  aber- 
ration  in  latitude.  If  tiie  earth  be 
30°  beyond  conjunction,  or  before 
opposition,  the  latitude  is  dimi- 
nished ;  but  if  it  be  30°  before  con- 
junction, or  after  opposition,  the 
latitude  is  increased.  Again,  co- 
sine 30°  ='866;  consequently  78'4" 
X  •806=^67.89",  the  aberration  in 
longitude.  If  the  earth  be  30°  from 
conjunction,  the  longitude  is  di* 
minished ;  but  if  it  be  30°  from  ojp- 
position,  it  is  increased. 
To  find  tl^e  Aberration  of  a  Star  in 
Declination  and  Right  Ascension, 

1.  The  greatest  aberration  in  de- 
clination is  •20''  multiplied  by  the 
sine  of  the  angle  of  position  at  the 
star,  and  divided  by  the  sine  of 
the  difference  of  longitude  between 
the  sun  and  star,  when  the  aberra* 
t/on  ia  declioatioa  is  nothing. 


2.  The  aberration  in  declinathn 
at  any  ot^er  time,  will  be  equal  to 
the  greatest  aberration  multiplied 
by  the  sine  of  the  difference,  be- 
tween the  sun's  place  at  the  given 
time,  and  its  place  when  the  aber- 
ration is  nothing. 

3.  The  sine  of  the  latitude  of  a 
star  :  radius  =  the  tangent  of  the 
angle  of  position  at  the  star  :  the 
tangent  of  difference  of  longitude 
between  the  sun  and  star. 

4.  The  greatest  aberration  in 
right  ascension  is  equal  to  90"  mul- 
tiplied by  the  cosine  of  the  angle 
or  position,  and  divided  by  the 
sine  of  the  difference  in  longitude 
between  the  sun  and  star,  when  the 
aberration  in  right  ascension  is  no- 
thing. 

4.  The  aberration  in  right  ascen- 
sion at  any  other  time,  is  equal  to . 
the  greatest  aberration  multiplied 
by  the  sine  of  the  difference  be- 
tween the  sun's  place  at  the  given 
time,  and  his  place  when  the  aber- 
ration is  nothing.  Also  the  sine  of 
the  latitude  of  the  star  :  the  radius 
the  co-tangent  of  the  angle  of  posi- 
tion at  the  star  :  the  tangent  of  the 
difference  of  longitude  between 
the  sun  and  star. 

ABERRATION  of  the  JPlanets 
is  their  geocentric  motion,  or  the 
space  through  which  they  appear 
to  move,  as  seen  from  the  earth 
during  the  time  of  the  light's  pass* 
ing  from  the  planet  to  the  earth. 

It  is  evident  that  this  aberration 
will  be  greatest  in  the  longitude, 
and  very  small  in  latitude,  be- 
cause the  planets  deviate  very  lit- 
tle from  the  plane  of  the  ecliptic, 
so  that  this  aberration^  is  almost 
insensible  and  disregarded ;  the 
greatest  in  Mercury  being  only 
abqat  41^',  and  much  less  in  the 
other  planets.  As  to  the  aberra> 
tion  in  right  ascension  anddeclina* 
tion,it  must  depend  upon  the  place 
of  the  planet  in  the  zodiac.  The 
aberration  in  longitude  being  equal 
to  the  geocentric  motion  will  be 
greater  or  less  according  to  this 
motion :  it  will  be  greatest  in  the 
superior  planets,  Murs,  Jupiter,  , 
Saturn,  and  Uranus,  when  they 
are  in  opposition  to  the  sun  ;  but  in 
the  inferior  planets,  Mercury  and 
Venus,  the  aberration  is  greatest  at 
1  the  time  of  tUeir  superior  coqjano- 
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and  then,  tliongh  tlie  ^nn's  motion 
should  be  really  unii'orni,  it  woald 
not  appear  to  be  so  wlien  seen 
from  the  eartli ;  and  in  this  case 
there  would  be  an  optic  equaiion, 
but  not  an  eccentric  one. '  Agam, 
let  us  imagine  the  sun's  orbit  not 
to  be  circular,  but  elliptical,  and 
the  earth  to  be  in  its  tocus,  then 
it  is  evident  that  the  sun  cannot 
appear  to  have  a  uniform  motion 
in  such  ellipse,  and,  therefore,  his 
motion  will  be  subject  to  two 
equations,  viz.  the  Oplic  and  Ec- 
centric Equations,  the  sum  of 
which  is  the  Absolute  Equation. 

ABSOLUTE  Term,  or  Number, 
in  Algebra,  is  that  which  is  com- 
pletely known,  and  to  which  all 
the  other  parts  of  the  equation  is 
made  equal. 

ABSTRACT  Mathematics,  or 
Pure  Mathematics,  is  that  which 
treats  of  the  properties  of  magni- 
tude,  figure,  or  quantity,  absolute, 
ly  and  generally  considered,  wKh- 
out  restriction  to  auy  species  in 
particular,  such  as  Arithmetic  and 
Geometry.  It  is  thus  distinguished 
iroTw  Mixed  Mathematics,  in  which 
simple  and  abstract  quantities, 
urin>Htively  considered  in  Pure 
Mathematics,  are  applied  to  sensi- 
ble objects,  as  in  Astronomy,  Me* 
chanics.  Optics,  &c. 

ACCELLRATION  is  principally 
used  in  Physics,  to  denote  the  in- 
crfHsing  lapidity  of  bodies  in  fall- 
ing towai  ds  the  centre  of  the  earth, 
by  a  force  called  gravity,  whether 
a  property  of  matter,  or  an  effect 
of  the  earth's  motions. 

That  natural  bodies  are  accele- 
rated in  their  descent,  is  evident 
from  various  considerations,  both 
a  priori  and  posteriori.  Thus  we 
actually  find,  that  the  greater 
height  a  body  descends  from,  the 
more  rapidly  it  descends,  the 
greater  impression  it  makes,  and 
the  more  intense  is  the  blow  wivh 
which  it  strikes  the  obstacle  upon 
which  it  impinges. 

Some  have  attributed  this  acce- 
leration to  the  pressure  ot  the  air  ; 
others  to  an  inherent  principle  in 
matter,  by  which  all  bodies  tend 
to  the  centre  of  the  earth  as  their 
proper  seat  or  element,  where  they 
would  be  at  rest;  and  hence,  say 
they,  the  nearer  that  bodies  ap- 


proach to  it,  the  more  is  their  mo* 
tion  accelerated.  Another  class 
held,  that  the  earth  emitted  a  sort 
of  attractive  effluvia,  innumerable 
threads  of  which  continually  as- 
cend and  descend,  proceeding,  like 
rudii,  from  a  common  centre,  and 
diverging  the  more  the  farther 
they  go ;  so  that  the  nearer  a 
heavy  body  is  to  the  centre,  the 
more  of  these  magnetic  tlireads  it 
receives ;  and  hence  the  more  its 
motion  is  accelerated. 

But  leaving  all  such  visionary 
theoiies,  and  only  admitting  the 
existence  of  some  such  force  as 
gravity,  inherent  in  all  bodiesj 
without  regard  to  what  may  be 
the  cause  of  it,  the  whole  mystery 
of  acceleration  will  be  cleared  up, 
and  the  theory  of  it  established  on 
the  most  obvious  principles. 

Suppose  a  body  let  fall  from  any 
height,*  and  that  the  primary  cause 
of  its  beginning  to  descend  is  the 
power  called  gravity  ;  then,  wh«i 
once  the  descent  is  ctAiimenced, 
motion  becomes,  in  some  measure, 
natural  to  the  body  ;  so  that,  if  left 
to  itself,  it  would  persevere  in  ft 
for  ever ;  as  we  see  in  a  stone  cast 
from  the  hand,  which  coniinaes 
to  move  after  it  is  left  by  the  cause 
that  first  gave  it  motion  ;  and  which 
motion  would  continue  for  ever, 
was  it  not  destroyed  by  resistance 
and  gravity,  which  cause  it  to  fall 
to  the  earth.  But  beside  this  tea 
dency,  which  of  itself  is  sufficient 
to  continue  the  same  degree  of 
motion,  in  ^nitum,  there  is  a  c(m> 
stant  accession  of  subisequent  ef- 
forts of  the  same  principle,   w.hich 


*  Sir  Richard  Phillips,  in  his  Es- 
says, maintains  that  there  is  no 
such  l<>rce  inherent  in  matter  as 
the  attraction  of  gravitation,  and 
that  the  cause  of  a  body's  descend- 
ing to  the  earth,  as  well  as  all  the 
other  phenomena  usually  ascribed 
to  the  action  of  this  force,  are  the 
natural  and  necessary  results  of  the 
two  motions  of  the  earth.  (See  w- 
i\c\*?s  Attraction  and  Motion.)— 'V\m 
explanation  of  the  true  cause  of  the 
phenomena  does  not,  however,  al- 
ter the  law  of  acceleration,  or,  in- 
deed, any  law  of  tlie  eaith  or  the 
planetary  system;  though  it  varies 
our  reasoning. 
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In  this  example,  the  periods  of 
cii'culalion  do  not  commence  to- 
gether till  after  the  seventh  place 
of  decimals ;  they  are  then  ckrried 
on  two  places  farther,  in  order  to 
ascertain  what  ought  to  be  carried 
to  the  conterminous  period  ;  which 
m  the  present  case  is  1,  as  will  ap- 
pear from  the  above  operation. 

Note,  There  may  arise  cases  in 
which  it  will  be  necessary  to  carry 
the  circulation  on  to  three  or  more 
places  beyond  the  conterminous 
period,  but  in  general  two  or  three 
places  are  sufficient 

Addition,  in  Algebra,  is  finding 
the  sum  of  several  algebraical 
quantities,  and  connecting  those 
quantities  together  with  their 
proper  signs.  And  this  is  generally 
divided  into  the  following  cases. 

Case  1.  When  all  the  indetermi 
nale  letters  are  the  same,  and  have 
the  same  sign. 

Add  the  co-efficients  of  the  seve- 
ral quantities  together,  and  prefix 
before  the  sum  the  proper  sign, 
whether  it  be  plus  or  minus. 


BXAMPLXS. 

+ 

7a  -f    3ft               +    5x—  13y 
5a  +    46                +    4x  -  lly 
6a  +  lift                +  14x  —    7y 

-f  18a  +  18ft    Sums  -f  23x  —  31y 


Case  i.  When  the  quantities  are 
the  same,  but  have  different  signs. 

Add  ail  the  like  quantities  toge- 
ther that  have  also  the  same  sign, 
and  thus  two  separate  sums  will 
be  obtained  ;  then  subtract  the  less 
of  these  from  the  greater,  and  pre- 
fix before  the  remained  the  sign  of 
the  greater  sum. 


KXAMPLBS. 


+  7aft—   3d* 
—  eoft-f    7c«' 
-t-  4ab  —  13c3 


—  4a:y  -j-  3x' 
-|-6jry —  11x3 
4-  4xy  —  14*3 


-f  5aft  —   Od*  Sams    -|-  Ozy  ~  22x3 


Note  1.  When  the  leading  quan- 
tity of  any  algebraical  expression 
has  no  sign,  it  is  supposed  to  be 
affected  with  the  sign  -f. 

Note  8.  Unlike  quantities  can 
only  be  added  by  means  of  the 
sign  -[-  placed  between  them. 

In  the  addition  of  Algebraic 
10 


Fractions t  reduce  to  a  common  de^* 
nominator,  and  then  add  the  nu- 
merators for  the  sum  required. 

BXAMPLBS. 

ba   ,    3a9       5c 
1.  Add  together  ^i  +  ^  +  J^ 

5a  _10aft.Sa«9a«ft«.   5c 5c_ 

Ob* ""  I'ibi  y  4ft  lift*  »  126^  ~  I2ft^ 
lOoft     fla^ft*      5c      10aft4-9a'ft'+5c 


1263  '     i2ft3  ■  I2ft^ 

2.  Thus  also  we  find, 
7x       4x      2Iar      44a; 


12fts 


lly  "^  3y  ""  33y  +  33y 


65r 


3.  And, 
7ar-f  4y 


5t— 3y 


Stfft 


abc 


33y 

7cx-f-  4cy 
iaftc 


15x— 9y     7car  +  15ar  +  4tfy— 9y 

'iabc   ~~  3aftc  "" 

{7c-i-15)x+(4c-9)y 

.  3  abc 

In  the  addition  of  Surd*,  reduce 
all  the  given  quantities  to  their 
most  simple  'form  ;  then  add  the 
co-efficients  of  the  radicals  which 
have  the  same  index  and  the  saute 
number. 

BXAMPLBS. 

Thus, 

s/  8+v'l8=«v^*+3  v/2=5V2 
Jl2  -f  v/27=2v^3+3>/  3=5y/3 
^108a4-{-^32a=3a  ^4a-t-2  ^4a 
=  (Ja-H2  -^4a. 

Note.  When  the  quantities  are 
reduced  to  their  lowest  terms,  or 
simplest  form,  and  have  different 
indices  and  numbers,  they  can 
only  be  added  together  by  means 
of  the  sign  -f-  placed  between 
them. 

Thus,  ^  18  +  V^IOS  =  3  ^2-|-6x/3, 
cannot  be  reduced  to  a  simpler 
form  than  that  above;  and  the 
same  with  various  others. 

Addition  of  Ratios,  is  the  same 
as  composition  of  ratios ; 

thus,  i(  a:  b^*  c  :  d; 
then  by  addition,  or  composition, 
a  -H  ft  :  a=  e+  d  :  c 

or,  a  -|-  ft  :  ft  =  c  -f-  <*  :  <*• 
ADDITIVE,  denotes  something 
to  be  added  to  another,  in  cunira- 
distinclion  to  something  to  be  taken 
away,  or  subtracted.  Thiis,  asiro- 
nomers    speak  of   additive   cqua- 
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lions ;  and  geotnetricUns,  of  addi- 
tive ratios,  Sec,  &c. 

ADPECTED  ^EfuatUm,  in  Alge- 
bra, is  tliat  in  winch  the  unknown 
quantity  is  found  in  two  or  more 
different  degrees  or  powers ;  thus, 
^ — j>afl-i-qx  =  at  is  an  adfected 
equation,  having  three  different 
powers  of  tlie  unknown  quantity  or 
entering  into  its  composition.  Such 
equations  are  distinguished  from 
simple^  which  involve  but  one 
jwwer. 

ADHESION,  in  Philosophy,  u  a 
species  of  attraction  which  takes 
place  between  the  surfaces  of 
bodies,  whether  similar  or  dissimi- 
lar, and  which,  in  a  certain  degree, 
connects  them  together;  differs 
from  cohesion,  which,  uniting  par- 
ticle to  particle,  retains  together 
the  component  parts  of  the  same 
mass.  The  power  of  adhesion  is 
proportional  to  the  number  of 
touching  points,  whiich  depends 
upon  the  figures  of  the  particles 
that  form  the  bodies ;  and  in  solid 
bodies,  upon  the  degree  in  which 
their  surfaces  are  polished  and 
compressed.  The  effects  of  this 
power  are  extremely  curious,  and 
an  many  instances  astonishing. 
Musschenbroek  relates  that  two 
cylinders  of  glass,  whose  diameters 
-were  not  qaite  two  inches,  being 
heated  to  the  same  degree  as  boil- 
ing water,  and  joined  together  by 
means  of  melted  tallow  lightly  put 
between  them,  adheredwiih  a  force 
equal  to  130  pounds :  lead,  of  the 
same  diameter  and  in  similar  cir- 
cumstances, adhered  wiih  a  force 
of  375  pounds ;  and  soft  iron  with 
one  of  300  pounds.  Grains, 

Gold  adheres  to  mercury, 

with  a  force  of  .  .  446 
Silver  •  .  .  .429 
Tin  ....    418 

Lead'         ....    397 
Bismuth       .      '     .  .    372 

Platina  .  .  .282 

-  Zinc  .  .  .204 

Copper  ,  .         .    242 

Antimony  .  •    .    ISO 

Iron  ...    115 

Cobalt  .  .  .       8 

^EOLIPILE,  i^LiPiLA,  an  in- 
strument consisting  of  a  hollow 
metalline  ball,  with  a  slender 
neck  or  pipe  arising  from  it>  This 
being  fiiJed  tjdth  water,  and  thus 


exposed    to  the   Are,   produces  a 
vehement  blast  of  wind. 

BOLUS'S  Harp,  an  instrument 
so  named  from  its  producing  agree- 
able harmony,  merely  by  the  ac- 
tion ot  the  wind.  It  is  thus  con- 
structed :  let  a  box  be  made  of  as 
thin  deal  as  possible,  of  the  exact 
length  answering  to  the  Width  of 
the  window  in  which  it  is  intended 
to  be  placed,  five  or  six  inches 
deep,  and  seven  or  eight  inchea 
wide ;  let  there  be  glued  upon  it 
two  pueces  of  wainscot,  about  half 
an  inch  high  and  a  quarter  of  au 
inch  thick,  to  serve  as  bridges  for 
the  strings ;  and  within  side,  at 
each  end,  glue  two  pieces  of  beech, 
about  an  inch  square,  of  length 
equal  to  the  width  of  the  box, 
which  are  to  sustain  the  pegs ;  into 
these  fix  as  many  pins,  sucli  as  are 
used  in  a  harpsichord,  as  there  are 
to  be  strings  in  the  instrument, 
half  at  one  end  and  half  at  the 
other,  at  equal  distances :  it  now 
remains  to  string  it  with  small  cat- 
gut, or  blue  first  fiddle-strings,  fix- 
ing one  end  to  a  small  brass  pin, 
and  twisting  the  other  round  the 
opposite  pin.  When  these  string* 
are  tunea  in  unison,  and  the  in- 
strument placed  with  the  strings 
outward  in  the  window  to  which 
it  is  fitted,  it  will,  provided  the  air 
blows  on  that  window,  give  a  sound 
like  a  distant  choir,  increasing  or 
decreasing  according  to  the 
strength  of  the  wind. 

MR  A,  in  Chronology,  is  the  same 
as  Efoch,  and  means  a  fixed  point 
of  time,  from  which  to  begin  a 
computation  of  the  succeeding 
years. 

^RA  also  means  the  way  or 
mode  of  accounting  time.  Thus, 
we  say,  such  a  year  of  the  Chris- 
tian oeru,  &c. 

Christian, MKk.  It  is  generally 
allowed  by  chronologers,  that  the 
computation  of  time  from  the  birth 
of  Christ,  was  (>nly  introduced  in 
the  sixth  century,  in  the  reign  of 
Justinian;  and  is  generally  as* 
cribed  to  Dionysius  Exiguus.  See 
Epoch, 

^RIAL,    Perspective,    is    that 
which  represents  bodies  diminish- 
ed and  weakened  in  pioporUoix  to 
their  distance  (rom  \.\\e  e^e\  Vi\x\.\\. 
relates  principaW^  Vo  vVie  toVoxix* 


matnematicai.  amd  phtsica 
Urography,   «  <•««" 


•^id  b«a  lond  ftponcd  1  bui  Iht 
f«t  <vu  ooi  c<mfltin«d  ml  '"lU'i" 
■  few  y««r>.    Tli*  iKBUr  lort  ^nl 

bl"™?  bSdiB.'tomw«  j^-j^^^";; 

dinclioni,  aiul  rrcqucWly  vllh  ■ 
land  hiulbg  noi»«,  rewnibllnp  ih« 

from  "  piece  of  o"'"'^"  1  ?l"" 


>Dicd    tliein   to    WTmtrlal,  ui< 

iftve  uiiin  been  auppoKd  u  b 

rrgiontof  our  Ktiuogpbere;  whili 
itbert  hnY*  connidered  th*ni  « 
,n»Ll    pliinel.  circaluing    nbo* 


ihrouefa  iL 
With  rcgud 


happen  h)  dorini 
dvr  bid  lisbtumi 
Ibe  Iky  hu  been 


ttme,  Ihat  Ihey  ftre  toLall}  ■ 
ent  from  any   knowh   Kneilnal 
.nbiuuc*.  ^ey  pr«™i.^m  all 


i  be>ide  Ihe  in- 
undrfd  veigbl,  to 


srUi,  would  not.  If  it 
u  ihe  eatih'.  »ur- 
e  Hine  body  to  the 


iheK.     It  ii    leaiiily  compultd, 
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late  about  us  as  a  satellite.    The.  person  who  naTlgaies  them  is  called 
time   that   a  body,   so  projected,  I  an  frMuiMf. 


would  be  m  its  passage  from  the 
moon  to  the  earth,  is  also  ionnd  to 
be  three  days;  which  is  not  so 
long  bat  that  it  might  retain  its 
heat,  particularly  as  it  is  doubtful 
whether  in  passmg  through  a  va- 
cnum,  or  very  attenuated  medium, 
it  would  be  possible  for  the  caloric 
to  escape,  not  to  say  that  it  might 
acquire  a  fresh  accumulation  of 
heat,  by  passing  through  the  denser 
parts  of  our  atmosphere.  Add  to 
this,  that  eruptions  resembling 
Chose  of  oar  Tolcanoes  have  been 
frequently  obserred'  in  the  moon, 
and  that  her  atmosphere  is  ex- 
tremel3r  rare,  and  consequently 
presenting  but  little  resistance  to 
prctjected  bodies;  and  it  will  then 
be  seen  that  this  hypothesis,  though 
at  first  sight  apparently  extravop 
gant,  is  notwithstanding  much  more 
probable  than  the  one  we  before 
examined.  Ik  must  be  acknow- 
ledged, however,  that  the  explo- 
ftious  of  which  we  have  spoken, 
are  difficult  to  account  for  upon 
this  supposition.  Wiih  regard  to 
these  bodies  being  concretions 
formed  in  the  air,  there  is  one  prin- 
cipal objection,  vix.  that  the  velo* 
city  with  which  they  strike  the 
earth,  estimated  by  uie  depth  to 
which  they  have  been  known  to 
penetrate,  is  so  great  as  to  indicate 
their  having  fallen  from  heights 
far  exceeding  the  Umits  of  the  ter- 
restrial atmosphere. 

AEROLOGY,  the  doctrine  or 
science  of  the  air,  and  its  pheno- 
mena, properties,  good  and  bad 
qualities,  «c. 

AEROMEl'RT,  the  art  of  mea- 
suring powers  and  properties  of 
the  air;  including  the  laws  of  mo- 
tion, gravitation,  pressure,  elasti- 
city, refraction,  condensation,  &c. 
of  the  atmospheric  fluid. 

AERONAUT,  a  person  who  sails 
or  navigates  through  the  air. 

AEROSTATION,  in  the  modern 
application  of  the  term,  signifies 
the  art  of  navigating  through  the 
air,  both  in  the  principles  and  prac- 
tice of  it.  Hence  also  the  ma- 
chines, which  are  employed  for 
this  purpose,  are  called  ssrostatic 
machines ;  and  on  account  of  their 
round  figure^  0^-haileens*  The, 
JS 


The  fundamental  principles  of 
this  art  have  been  long  known  ; 
although  the  application  of  them 
to  practice  seems  to  be  altogether 
amodemdiscoverv.  These  chiefly 
relate  to  the  weight,  pressure,  and 
elasticity  of  the  air,  its  specific 
gravity,  and  that  of  the  other  bo- 
dies to  be  raised  or  floated  in  it. 
Any  body  which  is  specifically,  or 
bulk  for  bulk,  lighter  than  the  at- 
mospheric air,  will  be  buoyed  up 
by  it,  and  ascend  ;  just  as  wood,  or 
corky  ascends  in  water ;  but  as  the 
density  of  the  atmosphere  decrea- 
ses, this  body  can  rise  only  to  a 
height  in  which  the  surrounding 
air  will  be  of  the  same  »prcific 
gravity  with  itself:  in  this  Mtuation 
it  will  either  float,  or  be  driven  in 
the  direction  of  the  wind  or  cur- 
rent of  air  to  which  it  is  exposed. 
An  air-balloon  is  a  body  of  this 
kind,  the  whole  mass  of  which,  in- 
cluding the  covering,  contents,  and 
appendages,  is  of  less  specific  gra- 
vity than  that  of  the  air  through 
which  it  rises. 

Heat  is  well  known  to  rarify  and 
expand,  and  consequently  to  lessen 
the  specific  gravity  of  the   air  to 
which  it  is  applied  ;  and  the  dimi- 
nution of  its  weight  is  proportional 
to    the    heat.      According   to    the 
scale  of  Fahrenheit's  thermometer, 
400,  or  rather  43A,  degrees  of  heat, 
will  just  double  the  bulk  of  a  quan- 
tity of  air.     If,  therefore,    the   air 
enclosed  in   any  kind  ol    covering 
be   heated,   and    consequently   di- 
lated, to  such  a  degree  as  that  the 
excess  of  the   weight  of  an  equal 
bulk    of  common    air   above    the 
weight  of  the  heated  air,  is  greater 
than   the  weight  of  the  covering 
and    its    appendages,   this    whole 
mass   will    ascend   in    the    atmos- 
phere ;  till  by  the  cooling  and  con- 
densation ot  the  included  air,  or 
the  diminished  density  of  the  sur- 
rounding fluid,  it  becomes  of  the 
same  specific   gravity  with  the  air 
/in  which  it  floats,  and  without  re- 
newed heat  it  will  then  gradually 
descend:      If  instead   of    heating 
common  air,  inclosed  in  any  cover- 
ing, and  thus  diminishing  its  v>ra- 
vjty,  the  covering  be  tiWed  w\V\v 
an  eJ«8tic  fluid  lighter  Ihau  aXuxov 
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pheric  air,  the  whole  mass  will 
ascend  as  in  Ihe  former  case,  and 
continue  to  rise  till  it  attains  an 
altitude  at  which  the  surrounding 
air  is  of  the  same  specitic  gravity 
with  itself. 

The  idea  of  flying  by  means  of 
wings  and  other  contrivances,  was 
certainly  entertained  by  the  an- 
cients ;  and  some  accounts  relate 
exploits  of  this  kind  having  been 
performed  ;  but  still  there  is  reason 
to  suppose  they  are  mere  fictions, 
and  that  no  means  were  ever  pps- 
sessed  for  accomplishing  this  an> 
derlaking  till  the  invention  of  bal- 
loons, which  dates  no  farther  back 
than  the  conclusion  of  the  last 
century.  Soon  after  Mr.  Caven- 
dish's discovery  of  the  specific 
gravity  of  inflammable  air,  it  oc- 
curred to  the  ingenious  Dr.  Black, 
that  if  a  bladder  sufficiently  light 
and  thin  were  filled  with  this  air, 
it  would  form  a  maes  lighter  4han 
the  same.bulk  of  atmospheric  air, 
and  rise  in  it*  This  thought  was 
suggested  in  his  lectures,  in  1767 
and  1708;  and  he  proposed,  by 
means  of  the  allantois  ot  a  calf,  to 
try  the  experiment.  Other  em- 
ployments, however,  prevented 
the  execution  of  his  design.  The 
po&sibilitv  of  constructing  a  vessel, 
which  when  filled  with  inflamma- 
ble air  would  ascend  in  the  atmos- 
phere, hhol  occurred  also  to  Mr. 
Cavallo,  and  to  him  belongs  the 
honour  of  having  first  made  expe- 
riments on  this  subject,  in  the  be> 
ginning  of  the  year  1782,  of  which 
an  account  was  read  to  the  Royal 
Society,  on  the  20th  of  June  in  that 
year. 

But  while  aerostation  seemed 
thus  on  the  point  of  being  made 
known  in  Britain,  it  was  unexpect- 
edly announced  in  France  by  two 
brothers,  Stephen  and  John  Mont> 
golfier,  natives  of  Annonay,  and 
miastei-s  of  a  considerable  paper, 
manufactory  there,  who  had  turned 
their  thoughts  to  this  project  as 
early  as  the  middle  of  the  year 
1782.  Their  idiea  was  to  form  an 
artificial  cloud,  by  inclosing  smoke 
in  a  bag,  and  making  it  carry  up 
the  covering  along  with  it.  In 
that  year  the  experiment  was  made 
at  Avignon  with  a  fine  silk  bag ; 
sad  by  applyiag  burning  paper  to 


an  aperture  at  the  bottom,  the  air 
was  rarefied,  and  the  bag  ascended 
to  the  height  of  70  feet.     Various 
experiments  were  now  made  apoa 
a  large  scale,  which  excited  the 
public  curiosity  very  greatly.    Ao 
immense  bag  of  linen,   lined  with 
paper,  and  containing   upwards  of 
23,000   cubic    feet,   was   found  to 
have  a  power  of  lifting  about  AOO 
pounds,  including  its  own  weighL 
Burning  chopped  straw  and  wool 
under  the  aperture  uf  the  machine, 
immediately  occasioned  it  to  swell, 
and  ai'terwards  to  ascend  into  the 
atmosphere.    In  ten  minutes  it  had 
risen  6000  feet ;  and  when  its  force 
was  exhausted,  it  fell  to  the  gronnd 
at  the  distance  of  7668    feet  fnm 
the  place  it  ascended. — Soon  aHa 
this  one  of  the  brothers,   invite^ 
by  tlie  Academy  of  Sciences  to  re* 
peat  his  experiment  at  their  ex* 
pense,  constructed  a  large  ballooo 
of  an  elliptical  form ;  and  in  a  pn- 
liminarv  experiment,  this  uiachiae 
lifted  n'oni   the  ground  eiglft^ter- 
sons  who  held  it,  and  would  ium 
carried  them  all  off,  if  more  haclv 
not  quickly  come  to  their  assist-  ^ 
ance.    Next  day  the  machine  was 
filled    by    the    combustion  of   S9 
pounds  of  straw  and  12  pounds  of 
wool.    The  balloon   soon  swelled 
and  sustained  itself  in  the  air,  to> 
gether  with  the  burden  of  between 
400  and  500  pounds  weight.    It  WM 
designed  to  repeat  the  experiment 
before  the  king  at  Versailles;   but 
a  violent  storm  of  rain  and  wind 
happening  to  damage  the  machine, 
it  became  necessary  to  prepare  a 
new  one  ;  and  such  expedition  was 
used,  that  this  vast  balloon,  near 
60  feet  in  height  and  43  in   diame* 
ter,  was  made,  painted  within  and 
without,  and  finely  decorated,  in 
the  course  of  four  days  and  four 
nights.    Along  with  it  was  sent  a 
wicker  cage,  containing  a  shee|^ 
a  cock,  and  a  duck,  which  were 
the  first  animals  ever  sent^  on  such* 
a  voyage.    The  full  success  of  the 
experiment  was,    however,    pre- 
vented by  a  violent  gust  of  wmd, 
which    lore   the    machine  in  two 
places  near  the  top,  before  it  as* 
cended.     Still  it  rose  1440    feet ; 
and  after    remaining    in  the  air 
about  eight   minutes,   fell  to  the 
ground,  at  the  distance  of  10,SM 
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feet  from  the  place  of  its  ascent, 
with  the  aiiimaU  in  perfect  safety. 
— As   the   great   powers   of  those 
aerostatic  machines,  and  their  very 
gradual  descent,  showed  they  were 
capable    of    transporting    people 
through  the  air  with  all  imagina- 
ble safety,  M.  Pilatre  de  Rozier 
«iffered  himself  to  be  the  first  aerial 
adventurer,  in  a  new  machine  con- 
structed in  a  garden  in  the  Faux- 
bourg  of  St.  Antoine.    It  was  of  an 
oval    shape,  48   feet  in   diameter 
and  74  in  height,  elegantly  painted 
with  the  signs  of  the  zodiac,  ciphers 
of  tlie  king's  name,  and  other  or- 
liaments.    A  proper  gallery,  grate, 
ftc.   enabled  the  person  who  as- 
cended to  supply  the  fire  with  fuel, 
and  thus  keep  up  the  machine  as 
long  as  he  pleased :  the  weight  of 
the  whole  apparatus  was  upwards 
of  19M  pounds.    On  the  I5th  of 
October,  1783,  M.  Pilatre  placing 
himself  in  the  gallery,  the  machine 
«ras  inflated  and  permitted  to  as- 
cend  to  the  height  of  84  feet,  where 
he  kept  it  afloat  about  four  mi- 
nates  and  a  half;  after  which  it 
descended  very  gently ;  and  such 
was  its  tendency  to  ascend,  that  it 
rebounded  to  a  considerable  height 
after  touching  the  ground.    On  re- 
peating the  experiment,  he  ascend- 
ed to  the  height  of  210  feet.    His 
next  ascent  was  Sffil  feet ;  and  in 
the  descent,  a  gust  of  wind  having 
blown   the    machine   over    some 
large  tre^  in  an  adjoining^garden, 
M.   Pilatre    suddenly    extricated 
himself   by  throwing    straw   and 
wool  on  the  fire,  which  raised  him 
at  once  to  a  sufficient  height ;  and 
on  descending  again,  he  once  more 
raised  himself  to  a  proper  height 
by   the  same  means.    Some  time 
after  he  ascended  with  M.  Girond 
de  Vllette  to  the  height  of  330  feet ; 
hovering  over  Paris  at  least  nine 
minates  in  sight  of  all  the  inhabi- 
tants, and  the  machine  keeping  all 
the  while  a  steady  position.    These 
experiments   having   shown,   that 
aerostatic  machines  might  be  raised 
or  lowered  at  the  pleasure  of  the 
persons  who  ascended,   M.  Pilatre 
and    the   Marquis  d'Arlandes,  on 
the  SJst  of  November,  1783,  under- 
took an  aerial  voyage,  whicli   last- 
ed about  S5  minutes^  and  during 
which  time   they  passed  ovtr  a  I 
t9 


space  of  above  five  miles.    From 
the  account  given  by  the  marquis, 
they   met   with   several   different 
currents  of  air,  the  effect  of  which 
was  to  give  a  very  sensible  sliock 
to  the  machine,  and  the  directions 
of  the  motion  seemed  to  be  from 
the    upper    part    downwards.     It 
appears,  also,  that  they    were  in 
some  dHnger  uf  having  the  bHlloon 
burnt  altogether;   as  the  marquis 
observed     several      round     holes 
made  by  the  fire  in  the  lower  part 
of  it,  wnich  alarmed  him  consider- 
ably, and  indeed  not  without  rea- 
son.     However,    the  progress  of 
the  fire  was  easily  stopped  by  the 
application  of  a  wet  spongt^,  and 
ail  appearance  of  danger  ceased. — 
This  voyage  of  M.  Pilatre  and  the 
marquis  maj*  be  said  to  conclude 
the     liistory    of  those   aerostatic 
machines  which  were  elevated  by 
means  of  fire  ;  these  having  been 
soon  after  superseded  by  balloons 
in  which  inflammable  air  was  en- 
closed.   The  first  experiment  whs 
made  by  two  brothers,  the  Messrs. 
Roberts,  and  M.  Charles,   a  pro- 
fessor uf  experimental  philosophy. 
The   bag  was   composed   of  lute- 
string varnished  over  with  a  solu- 
tion of  gum  caontchonc  ;  and  was 
about  thirteen  £nglish  feet  in  dia- 
meter.   Many  difiiculties  occurred 
in  filling  it  with  the  inflammable 
air ;  but  being  at  last  set  at  liberty, 
after    having    been  well  filled,  it 
was  thirty-five  pounds  lighter  than 
an  equal  bulk   of  common  air.    It 
remained  iu  the  atmosphere  only 
three  quarters  of  an  hour,  during 
which  it  traversed  fifteen    miles. 
Its  sudden  descent  was  supposed 
to  have  been  owing  to  a  rupture 
which  had    taken  place  when   it 
ascended  into  the  higher  regions 
of  the  atmosphere.    Tlie  event  of 
this  experiment,   and    the    aerial 
voyage  made  by   Messrs.    Rozier 
and  Arlandes,  naturally  suggested 
the  idea  of  undertaking  something 
of  the  same  kind   with   a  balloon 
filled  with  inflammable  air.    The 
machine  used  on  this  occasion  was 
formed  of  gores  of   silk,  covered 
with  a  caoutchouc   varnish,  of  a 
spherical    ligure,   and    measuring 
274  feet  in   diameter.     A   net  was 
spread  over  the  upY>er\vet\\\?>v\\ex«i» 
and    fastened  lo  a,    \\oo^  viVvvcVv 
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eaased   romid  the  middle  of  the 
alloon.    To  this  a  sort  of  car  wa$ 
suspended,  a  few  feet  below  the 
lower  part  of  the  balloon;  and,  in 
order  to  prevent  the  bursting   of 
the  machine,  a  valve  wan  placed 
in  ii ;  by  opening  of  which  some 
of  tlie   inflammable  air  might  be 
occasianally  let  out.    The  car  was 
of  basket-work,  covered  with  linen, 
and  beaulifally  ornamented ;  be* 
ing  8  feel  long,  4  broad,  and  3^ 
dfep;  its  weight  130  pounds.  Great 
difliculiies  again  occurred  infilling 
the   machine;   but   these  at  last 
being  removed,  the    two   adven- 
turers took  theirseatsatthree-quar- 
ters   after    one  in   the   afternoon 
of  the    1st    of     December,   1783. 
Tiiey  continued  in  the  air  an  hour 
and  three-quarters,  and   alighted 
at  the  distance   of  27  miles  from 
Paris;   having  suiTered  no  incon- 
venience during  their  voyage,  nor 
experienced  any  contrary  currehts 
of  air,  as  had  been  felt  by  Messrs. 
Pi  1  aire  and  Arlandes.    As  the  bal- 
loon stiil  retained  a  great  quantity 
of  inflammable    gas,    M.  Charles 
determined  to  take  another  voy- 
age by    himself.     M.  Robert  ac- 
cordingly got  out  of  the  machine ; 
which     now    being    130    pounds 
lighter,  arose  with  such  velocity 
that  in   twenty   minutes  he  was 
almost  9000  feet  high,  and  entirely 
out  of  sight  of  terrestrial  objects. 
The  globe,  which  had  been  rather 
flaccid,  soon  began  to  swell,  and 
the  innamraable   air    escaped   in 
great  quantity.    He  aHo  drew  the 
valve,  to  prevent  the  balloon  from 
bursting ;  and  the  inflammable  gas 
being  considerably   warmer  than 
the  external  air,  diffused  itself  all 
around,  and  was  felt  like  a  warm 
atmosphere.   In  ten  minutes,  how- 
ever, the  thermometer  indicated 
a  great  variation  of  temperature ; 
his  fingers  were  benumbed   with 
cold,  and  he  felt  a  violent  pain  in 
his  right  ear  and  jaw,  winch   he 
abcribed  to  the  expansion  of  the 
air  in  tiiese  organs,  as  well  as  to 
the  external  cold.    The  beauty  of 
the  prospect  which  he  now  enjoy- 
ed,  however,    made    amends   for 
these  inconveniences.    At  his  de- 
parture the   sun   was   set  on  the 
valleys ;  but  the  height  to  which 
M .  Cnarles  was  got  in  the  atmos- 
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phere.  rendered  him  again  iriiftr 
ble,  though  only  for  a  short  tine 
He  saw  for  a  few  secoiid»  vapoon 
rising  from  tlie  valleys  and  rivers. 
The  clouds  seemed  to  ascend  firoa 
tlie  earth,  And  collect  one  upoa 
the  other,  still  preserving  their 
usual  form,  only  their  colour  was 
grey  and  obscure,  for  want  eC 
sufficient  light  in  the  atmospberei 
B)r  the  light  of  the  moon,  he  per 
ceived  that  the  n^achine  was  turn- 
ing round  with  him  in  the  air,  aud 
he  observed  that  there  were  con- 
trary currents,  which  brought  him 
back  again.  He  observed,  alao^ 
with  surprise,  the  effects  of  the 
wind,  and'  that  the  streamers  of 
his  banners  pointed  upwards; 
which,  he  says,  could  not  be  the 
effect. either  of  his  ascent  or  de> 
scent,  as  he  whs  moving  horinm* 
tally  at  the  time.  At  last,  recoil 
lecting  his  promise  of  returning  to 
his  friends    in    half.an-hour,    he 

1)ulled  the  valve,  and  accelerated 
lis  descent.  When  within  IN 
feet  of  the  earth,  he  threw  out 
two  or  three  pounds  of  ballast, 
which  rendered  the  balloon  again 
stationary  ;  but,  in  a  little  time 
afterwards,  he  gently  alighted  in  a 
field  about  three  miles  distant 
from  the  place  whence  he  set  out; 
though  by  making  allowance  for 
all  the  turnings  and  windings  of 
the  voyage,  he  supposes  that  ho 
had  gone  through  nine  miles  a( 
least.  By  the  calculations  made, 
it  appears  that  he  rose  at  tliis  time 
not  less  than  10,500  feet ;  a  height 
somewhat  greater  than  that  of 
Mount  jEtna.  The  subsequent 
aerial  voyages  differ  so  little  from 
those  above  related,  that  any  par- 
ticular description  of  tlieni  would 
be  superfluous. 

The  expense  in  filling  a  balloon 
with  inflammable  gas  is  very  great* 
and  it  therefore  became  an  object 
of  anxious  inquiry  how  this  might 
be  avoided  or  reduced.  The  first 
attempt  of  this  kind  was  made  by 
the  duke  de  Chaitres :  it  consisted 
in  having  a  smaller  balloon  witliia 
the  greater  one,  the  smaller  being 
filled  with  common  air,  by  means 
of  a  pair  of  bellows,  when  neces« 
sary ;  viz.  whenever  it  was  thought 
proper  to  descend,  ii  being  sup- 
posed   that    the    machine    would 
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thus  become  heavier,  aud  the  air 
m  the  outer  balloon  condensed, 
and  consequently,  that  the  ascent 
or  descent  might  be  effected  at 
pleasure.  Another  scheme  was  to 
put  a  small  aerostatic  machine, 
with  rarified  air,  under  an  inflam- 
mable'air-balloon,  but  at  such  a 
distance,  that  the  inflammable  air 
of  the  latter  might  be  perfectly 
out  of  the  reach  of  the  fire  used 
for  inflating  the  former ;  and  thus 
by  increasing  or  diminishing  the 
fire  in  the  small  machine,  the  ab- 
solute weight  of  the  whole  would 
be  considerably  diminished  or 
augmented.  This  scheme  was  un> 
happily  put  in  execution  by  the 
celebrated  M.  Pilatre  de  Rozier 
and  M.  Romaine.  Their  inflammap 
ble  air-balloon  was  about  thirty- 
seven  feet  in  diameter,  and  the 
power  of  the  rarified  air  one  was 
equivalent  to  about,  sixty  pounds. 
They  ascended  without  any  acci- 
dent; but  had  not  been  long  in 
the  atmosphere,  when  the  machine 
took  fire  at  the  height  of  about 
three  quarters  of  a  mile  from  the 
ground.  No  explosion  was  heard ; 
and  the  silk  of  the  balloon  seem- 
ed to  resist  the  atmosphere  for 
about  a  minute,  after  which  it 
colapsed,  and  descended  along 
with  the  two  unfortunate  travel- 
lers so  rapidly,  that  boih  of 
them  were  killed.  The  first  aerial 
voyage  in  England  was  performed 
on  the  15th  of  September,  1784,  by 
Vincent  Laoardi,  a  native  of  Italy. 
His  balloon  was  made  of  oiled 
silk,  painted  in  alternate  stripes  of 
blue  and  red  :  its  diameter  was 
thirty-three  feet.  M.  Lunardi  de 
part«i  from  the  Artillery-ground 
at  two  o'clock  ;  and  at  ten  minutes 
past  four,  he  descended  ia  a  mea- 
dow near  Ware,  in  Hertfordshire. 
The  only  philosophical  instrument 
which  he  carried  with  him  was  a 
thermometer,  which,  in  the  course 
of  his  voyage  stood  as  low  as  29°, 
and  he  observed  that  the  drops  of 
water  collected  round  the  balloon 
were  frozen.  The  second  aerial 
voyage  in  England  was  performed 
by  Mr.  Blanchard,  and  Mr.  Shel- 
don, professor  of  Anatomy  to  the 
Royal  Academy.  The^  ascended 
at  Chelsea  at  nine  minutes  past 
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twelve  o'clock.  Mr.  Blanchard 
having  landed  Mr.Sheldon  atabout 
14  miles  from  Chelsea,  re-ascended 
alone,  and  finally  landed  near 
Rumsey,  in  Hampshire,  about 
seventy.five  miles  distant  from 
London,  having  gone  nearly  at  the 
rate  of  twenty  miles  an  hour.  The 
wings  used  on  this  occasion,  it 
seems,  produced  ro  deviation  from 
the  direction  of  the  wind. 

Inflammable  air  for  balloons  may 
be  obtained  in  several  ways :  but 
the  best  methods  are,  by  applying 
acids  to  certain  metals ;  by  expos- 
ing animal,  vegetable,  and  some 
mineral  substances,  in  a  close 
vessel,  to  a  strong  fire ;  or  by 
transmitting  the  vapour  of  certain 
fluids  through  red-hot  tubes.  In 
the  first  of  these  methods,  iron, 
zinc,  and  vitriolic  acid,  are  the 
materials  most  commonly  used  : 
the  vitriolic  acid  must  be  diluted 
with  about  five  or  six  parts  of 
water.  Iron  may  be  expected  to 
yield,  in  the  common  way,  about 
1700  times  its  own  bulk  in  gas ;  or 
4i  ounces  of  iron,  the  like  weight 
or  oil  of  vitriol,  and  23^  ounces  of 
water,  will  produce  one  cubic  foot 
of  inflammable  air :  six  ounces  of 
zinc,  and  an  equal  weight  of  oil  of 
vitriol,  and  thirty  ounces  of  water, 
are  necessary  for  producing  the 
same  quantity.  Inflammable  air 
may  also  be  obtained  at  a  much 
cheaper  rate,  by  the  action  of  fire 
on  various  substances;  but  the 
gas  thus  obtained  is  not  so  light  as 
that  produced  by  the  efifervesicence 
of  acids  and  metals.  The  sub- 
stances proper  to  use  for  this  pur- 
pose are,  —  pitcoal,  asphaltum, 
amber-rock  oil,  and  other  mine- 
rals ;  wood,  and  especially  oak ; 
camphor  oil,  spirits  of  wine,  aether, 
and  animal  substance8,which  yield 
air  of  different  kinds  and  of  vari- 
ous specific  gravities. 

AFFECTED  is  a  term  made  use 
of  bv  algebraists,  when  speakhig 
of  the  signs  or  co-efficients  of  a 
quantity.  Thus,  if  a  quantity  is 
'preceded  by  the  sign  +,  it  is  said 
to  be  affected  with  a  positive 
sign;  and  if  by—-,  it  is  affected 
with  a  negative  sign,  &c.  Thus 
also,  2  a,  7  a,  are  saidj  to  be  affect- 
ed with  the  coefficients  2,7,  &c. 
^3 
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AFFECTION,  ia  Ge&metry  aud 
Physics,  is  a  term  signifying  the 
Mine  as  properly. 

AFFIRMATIVE  Qtfanftfy,  or  Po- 
sitive QuantUjf,  in  Algebra,  is  one 
that  is  to  be  added  or  taken  effec- 
tively, in  contradistinction  to  a 
negative  quantity,  wliidh  is  to  be 
subtracted. 

AFFIRMATIVE  Sign,  or  sign  of 
addition,  is  +,  and  is  read  plus,  or 
more,  or  added  to :  thus  a-^  b  sig. 
nifies  that  the  quantity  represent- 
ed by  b,  is  to  h€  added  to  the 
quantity  represented  by  a.  When 
a  single  letter  or  quantity  is  pre- 
ceded by  the  sign  -\-,  as  -4*  «»  it 
indicates  tliat  it  is  to  be  taken 
positively ;  and  the  same  is  always 
to  be  understood  if  there  be  no 
sign  prefixed.  Before  the  intro- 
duction of  this  sign  into  algebra, 
the  word  plus,  or  its  equivalent, 
was  used  to  imply  the  addition  of 
quantities ;  as  was  the  word  minus, 
to  indicate  the  subtraction  of 
them. 

AIR,  in  Pkvsics,  an  elastic,  trans- 
parent, ponderous,  compressible, 
and  dilatable  fluid  body  surround- 
ing the  globe  to  a  considerable 
height.  The  ancients  considered 
air  as  an  element ;  but,  taken  in 
its  popular  sense,  it  is  very  far 
from  the  simplicity  of  an  elemen- 
tary substance.  The  most  impor- 
tant physical  or  mechanical  pro- 
uerties  of  the  air,  are  its  ftuiaity, 
tveighi,  and  elasticity. 

Of  the  Fluidity  of  the  Air.-- 
That  the  'air  is  a  fluid  is  evident 
from  the  easy  passage  it  affords  to 
bodies  moving  through  it.  That 
air  is  a  fluid,  is  also  proved  from 
this  circumstance,  that  it  is  found 
to  exert  au  equal  premure  in  all 
directions ;  an  effect  that  could 
not  take  place  otherwise  than  from 
its  extreme  fluidity. 

The  freight  or  Gravity  of  the  Air, 
— With  this  property  ot  air  the 
aucients  were  not  totally  unHc- 
quaiuted,  though  their  sentiments 
on  the  subject  were  confused  and 
unsatisfactory.  The  effects  which 
are  now  known  to  result  from  the 
weigbt  and  elasticity  of  the  air, 
were  for  a  long  time  attributed  to 
an  imaginary  principle  called/wfa 
vacui,  or  Nature's  abhorrence  of  a 
vacuum;  and  Galileo  himself  ad* 
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mitted  the  principle,  although  he 
was  under  the  necessity  of  lusign- 
ing  a  limit  to  it,  corresponding  t» 
the  weighft  of  a  column  of  water 
thirty-foui'  feet  high.  In  the  year 
1043  it  occurred  to  Torricelli,  tte 
disciple  of  Galileo,  that  whatern 
might  be  the  cause  by  which  »■ 
column  of  water,  thirty-foar  feet 
high,  is  sustained  above  its  level 
in  tlie  tube  of  a  common  pnmp, 
the  same  force  would  snatein  a 
column  of  any  other  fl.aid,  whieh 
weighed  as  much  as  that  eolomn 
of  water ;  and  hence  he  concliui- 
ed,  that  quicksilver,  being  about 
fourteen  times  as  heavy  as  water, 
would  not  be  sustained  at  a  greater 
height  than  twenty-nine  or  thir^ 
inches.  He  then  made  the  experi- 
ment, called  after  him  the  iWri* 
cellian  experiment.  He  took  a 
glass  tube,  of  several  feet  in  length, 
and  having  sealed  it  hermetically 
at  one  end,  he  filled  it  with  quick- 
silver; then  inverting  it,  and 
holding  it  upright  by  pressing  his 
finger  against  the  lower  or  open 
orifice,  he  immersed  that  end  in 
a  vessel  of  quicksilver ;  then  re> 
moving  his  finger,  and  suffering 
the  fluid  to  run  out,  the  result 
verified   his  conjecture:  for,   the 

auicksilver,  faithful  to  the  laws  of 
[ydrostatics,  descended  till  the 
column  of  it  was  about  thirty  in- 
ches high  above  the  surface  of 
that  in  the  open  vessel :  and  hence 
he  concluded,  that  it  was  no  other 
than  the  weight  of  the  air  incum- 
bent on  the  external  surface  of 
the  quicksilver,  which  counter- 
balanced the  fluid  contained  in  the 
tube.  By  this  experiment  he  not 
only  proved,  as  Galileo  had  done, 
that  the  air  had  weight,  but  that 
its  weight  was  the  cause  of  the 
suspension  of  water  in  pumps,  and 
of  quicksilver  in  the  tub^ ;  and 
that  the  weight  of  the  whole  co- 
lumn of  it,  was  e(]^ual  to  that  of 
a  like  column  of  quicksilver  thirty 
inches  high,  or  of  water  thirty.four 
or  thirty-five  feet  high ;  but  he 
did  not  ascertain  the  weight,  or 
any  particular  quantity  of  it,  as  a 
gallon,  or  a  cubic  foot;  nor  its 
specific  gravity  to  water,  as  had 
been  done,  though  inaccurately, 
by  Galileo. 
Torricelli's  experiment*  soon  be- 
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or  not.  Bat  being  elastic,  it  is 
necessarily  affected  by  pressure, 
which  reduces  it  into  such  a  space, 
that  the  elasticity  'which  re-act« 
against  the  compressing  weight,  is 
equal  to  that  weight. 

The  elasticity  of  the  air  exerts 
itself   equally  in  all   ways ;   and 
when  it  is  at  liberty,  and   freed 
from  the  cause  which  compresses 
it,  it  expands  equally  in  all  direc- 
tions, in  consequence  of  which  it 
always  assumes  a  spherical  figure, 
in  the  interstices  of  the  fluid  in 
which  it  is  lodged.    This  is  evident 
in   liquors   placed  under  the  re- 
ceiver of  an  air-pnmp ;  for,  by  ex- 
hausting the  air,  at  first  there  ap- 
pears a  multitude   of  exceeding 
small  bubbles,  like  grains  of  fine 
sand,  dispersed  through  the  fluid 
mass,  and  rising  upwards  ;  and  as 
more  air  is  pumped  out,  they   en- 
large in  size,  but  still  retain  their 
spherical  figure. 

Tne  expansion  of  air,  by  means 
of  its  elastic  property,  when  only 
the  compressing  force  is  taken  off 
or  diminished,  is  found  to  be  sur- 
prisingly great;  it  having  been 
known,  in  certain  experiments,  to 
expand  itself  into  13,679  times  its 
original  space,  and  this  solely  by 
its  own  natural  power,  without  the 
application  of  fire. 

The  elasticity  of  the  air,  under 
the  same  pressure.  Is  increased  by 
heat  and  diminished  by  cold,  and 
that  according  to  several  very 
accurate  experiments,  at  the  rate 
of  about  one^SSth  part  for  every 
degree  of  heat  of  Fahrenheit's 
thermometer. 

AlK-GuHt  a  jmeumatlc  machine, 
which  expels  bullets  or  shot  with 
great  velocity  and  effect ;  its  ope- 
ration depends  upon  the  elastic 
power  of  air,  which  we  have  seen 
above  increases  in  proportion  to 
the  greater  degree  of  condensation. 
Now  the  elastic  power  of  fired  gun- 
powder being  equal  to  the  pres- 
sure of  1000  atmospheres,  or  1000 
times  greater  than  that  of  common 
air,  it  t'ollows  that  in  order  to  pro- 
duce the  same  effect  with  an  air- 
gun  as  with  a  musket,  the  air 
must  be  compressed  into  one- 
thousandth  part  of  its  natural  bulk ; 
and  for  all  inferior  degrees  of 
condensation,  the  effect  will  be 
proportionally  diminished :  and  I 
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as  the  velocities  with  which  equal 
balls  are  impelled,  are  directly  as 
the  square  roots  of  the  forces  act* 
ing  upon  them,  we  shall   be  able 
always  to  estimate  the  effect  pre- 
vious  to    any     explosion     taking 
Iilace:  thus,  if  n  be  the  number  of 
times  the  air  is  condensed,  then  as 
y/  1000 :  y/  nss.  the  velocity  aris- 
ing  from  the   explosion  ot   gun- 
powder to  that  arising  from  con- 
densation.   If,  therefore,  the  air 
be  condensed   twenty    times,  iff 
velocity  will  be  about  one  seventn 
of  that  arising  from  fired  gunpow- 
der.   In  the  air-gun,  however,  the 
reservoir  of  condensed  air  is  com- 
monly very  large,  in  proportion  to 
the  tube  which  contains  the  ball, 
and  its  density  will  be  very. little 
altered  by  expanding  through  the 
narrow  tube ;  and,-  consequently, 
the  ball  will  be   urged  through- 
out by  nearly,  the  same  uniform 
force  with  that  Of  the  first  instant, 
and  hence  the  exploding  power  of 
condensed  air  is  much  more  con- 
siderable than  appears   from  the 
preceding  estimation,  being  little 
less  than  that  of  gunpowder,  even 
under  a  condensation  of  ten  times, 
provided  the  reservoir  be  of  any 
considerable  magnitude. 

AIK-Pipes,  an  invention  intend- 
ed for  clearing  the  holds  of  ships, 
and  other  close  places,  of  their 
foul  air. 

AlK-Pump^pneutnatic  machine, 
which  is  of  great  use,  iii  explain- 
ing and  demonstrating  the  proper- 
ties of  air.  It  was  invented  by 
Otto  de  Guericke,  consul  of  Mag. 
deburgh,  about  the  year  1654 ;  and 
though  it  has  since  been  much  im- 
proved in  form,  its  principle  re- 
mains the  same.  The  principal 
use  of  the  air-pump  is  to  extract  the 
air  from  a  vessel,  which  in  that 
state  is  said  to  be  exhausted,  and 
the  degree  of  exhaustion  depends 
upon  the  goodness  of  the  machine. 
The  vessel,  which  is  called  a  re- 
ceiver, is  fitted  to  a  plate  on  the 
air-pump,  having  a  small  orifice  in 
the  middle,  which  communicates 
by  a  tube  with  the  barrels  of  the 
pump.  These  barrels  are  of  metal, 
or  of  glass,  in  each  of  which 
works  an  air-tight  piston,  having 
a  valve,  which  opens  outwards 
when  the  piston  is  forced  dowM 
towards  the  bottom  of  the  barrcL 
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oysters  live  fur  34  hours.   That  the 
heari  of  an  eel  taken  out  of  the 
body  continues  to   beat  fur  good 
part  of  an   Auur,   and  that  more 
briskly  than  in  the  air.   That  warm 
blood,  milk,  gall,  &c.  undergo  a 
considerable     intumescence     and 
ebullition.    That  a  mouse  or  other 
animal  may  be   brought,   by  de- 
grees, to  survive  longer  in  a  rare- 
fied   air,   than   it  does  naturally. 
That  air  may  retain  its  usual  pres- 
sure, after  it  is  become  unfit  for 
respiration.    That  the  eggK  of  silk- 
woi  nis  hatch  in  vacuo.  That  vege- 
tation stops.  That  fire  extinguishes; 
the  flame  of  a  candle  usually  go- 
ing out  in  one  minute ;  and  a  char- 
coal ia  about  five  minutes.    That 
red-hot  iron,  however,  seems  not 
to  be  affected;  and  yet  sulphur  or 
gunpowder  are  not  lighted  by  it, 
but   only   fused.    That   a   match, 
after   lying  seemingly    extinct  a 
long  time,  revives  again  on  re-ad- 
mitting the  air.    That  a  flint  and 
steel  strike  sparks  of  fire  as  co- 
piously, and  in  all  directions,  as  in 
air.    That  magnets,  and  magnetic 
needles,  act  the  same  as  in  air. 
That  th^  smoke  of  an  extinguished 
luminary  gradually  settles  to  the 
bottom  in  a  darkish  body,  leaving 
the    upper   part   of  the   receiver 
clear  and  transparent;  and  that  on 
iucliniug  the  vessel  sometimes  to 
one  side,  and  sometimes  to  another, 
the  fume  preserves  its  surface  ho- 
rizontal, after  tl>e  nature  of  other 
fluids.  That  heat  may  be  produced 
by  attriiiun.    That  campnire  will 
not  take  fire;  and  that  gunpowder, 
though   some   of  the  grains  of  a 
heap  of  it  be  kindled  by  a  burning- 
glass,  will  not  give  fire  to  the  con- 
tiguous grains.     That  glow-worms 
lose  their  light  in  proportion  as  the 
air  is    exhausted,  and,  at  length, 
become  totally  obscure ;  but  on  re- 
admitting the  air,  they  presently 
recover  it  again.     That  a  bell,  on 
being  struck,  is  not  heard  to  rmg, 
or  very  faintly.  That  water  freezes 
much   mure    rapidly,  than  in  the 
open  air,  especially  if   the   basin 
which  contains  it  be  floating  in  a 
chemical  mixture,   by   wliich  the 
vapour  arising  from  the  water  can 
be  absorbed.    But  that  a  iyphon 
Vill  not  run.    Tiiat  electricity  ap- 
penn  lik0  the  aurora  borealis. 
JfS 


AlK-Vessei,  is  a  name  given  to 
those  metallic  cylinders  ivhich 
are  placed  between  the  two  fore* 
ing-pumps  in  the  improved  tire- 
engines.  The  water  is  injected  bv 
the  action  of  the  pistons  througn 
two  pipes,  with  valves,  into  this 
vessel ;  the  air  previously  contain- 
ed in  it  will  be  compressed  by  the 
water,  in  proportion  to  the  quanti- 
ty admitted,  and  by  its  spring  force 
the  water  into  a  pipe,  which  will 
discharge  a  constant  and  equal 
stream;  whereas,  in  the  common 
squirting  engine,  the  stream  is  dt*> 
continued  between  the  several 
strokes. 

ALGEBRA,  a  general  method  of 
solving  problems  and  qaestiun», 
whether  arithmetical  or  niatiie- 
matical,  by  means  of  symbols 
which  have  no  fixed  or  determi- 
nate values  like  the  aiitbmeticai 
figures,  and  which,  by  presftrving 
their  original  form  through  all  the 
steps  of  a  calculation,,  however 
long,  enable  the  calculator  to  de- 
duce, from  the  solutions  of  particn- 
iar  problems  general  formulae  for 
the  solution  of  all  problems  of  the 
same  kind. 

The  origin  of  algebra,  like  that 
of  other  sciences  of  ancient  dale 
and  gradual  progress,  is  not  easily 
ascertainable.  'The  earliest  trea»> 
ti&e  on  that  part  of  analytics,  which 
is  properly  called  algebra,  now 
extant,  is  that  of  Diophantns,  a 
Greek  of  Alexandria,  who  flourish- 
ed about  the  year  350,  and  wlio 
wrote  thirteen  books,  though  only 
six  "Arithmeticorum"  of  them 
are  preserved.  He  is  the  only 
Greek  author  on  algebra  whose 
works  have  been  handed  down  to 
us,  though  some  traces  of  it  ap- 
pear in  the  writings  of  some  au- 
thors much  more  ancient,  as  Ar- 
chimedes, Euclid,  Apiilionius,&c.; 
and  we  know  that  Hypatia  wrote 
a  commentary  on  the  work  of  Dio- 
phantus.  By  what  means  the 
Arabs  became  possessed  of  this  art 
is  not  known ;  but  both  the  name 
and  the  science  were  transmitted 
to  Europe,  and  particularly  to 
Spain,  by  the  Arabian*  or  Sara- 
cens, abont  the  year  1100,  or  pro- 
bably a  little  earlier. 

Italy,  however,  took  the  lead  ia 
the  cultivation  of    the    science. 
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ftfter  its  introduction  into  Europe. 
Leonardo  Bonacci,  of  Pisa,  has 
sutne  allusions  to  it  in  fais  arith- 
metic written  after  his  return  from 
Afiica  and  the  Levant,  in  1202. 
From  his  manuscript,  Lucus  Pac- 
cioli,  or  de  Borgo,  derived  the  rn- 
dinients  of  that  Iinowledge  which 
enabled  him  to  compose  his  "  Sam- 
ma  Arithmeticae  et  Geometiiat  Pro- 
portionamqne  et  Proportionalita- 
tuiii/'  which  was  published  in 
Italian  at  Venice,  in  1494,  and 
again  in  1583. 

After  this,  algebra  becatae  more 
generally  known  and  improved, 
especially  by  many  in  Italy ;  and 
soon  after,  the  first  role  was  there 
found  out  by  Scipio  Ferreus,  for 
resolving  one  case  of  a  compound 
cubic  equation.  But  this  science, 
as  well  as  other  branches  of  ma- 
thematics, wa%  in  an  eminent 
manner,  cultivated  and  improved 
by  Hieronymus  Cardan  of  Bono- 
mia,  a  very  learned  author,  who, 
in  the  year  1545,  pAblished  a  book 
containing  the  whole  doctrine  of 
cubic  equations,  which  had  been 
in  part  revealed  to  him  by  Nicho- 
las Tartalea. 

The  chief  improvements  made 
by  Cardan,  as  collected  from  his 
writings,  are  sUted  by  Dr.  Hutton 
as  follows: 

Tartalea  communicated  to  him 
only  the  rules  for  resolving  three 
cases  of  cobic  equations,  namely  ; 
ar'  +  6ar  =»  c,  a'  =  &r  -f-  c,  and  afl  + 
c  =  to;  and  he  from  thence  raised 
a  Tery  large  and  complete  work, 
laying  down  rules  for  all  forms 
and  varieties  of  cubic  equations, 
having  all  their  terms,  or  wanting 
any  of  them,  and  having  all  possH 
ble  varieties  of  signs ;  demonstrat- 
ing all  these  rules  geometrically  ; 
and  treating  very  fully  of  almost 
all  sorts  of  transformations  of 
equation,  in  a  manner  totally  new. 
It  appears,  also,  that  he  was  well 
acquainted  with  all  the  roots  of 
C|<iaations,  that  are  real,  both  posi- 
tive  and  negative ;  or,  as  he  calls  : 
them,  trae  and  fictitious ;  and  that 
he  made  use  of  them  both  occa-  ; 
•ionally.  He  also  shewed  that  the  ' 
even  roou  of  positive  quantities 
are  either  positive  or  negative ; 
that  the  odd  roots  of  negative  quan- 
tities are  real  and  negative ;  hot 
M  • 


tiiat  the  even  roots  of  tbem  are 
impossible  or  nothing,  as  to  com. 
mon  use.  He  was  also  acquainted 
with  the  number  and  nature  of 
the  roots  of  an  equation,  and  that 
partly  from  the  signs  of  the  terms, 
and  partly  from  the  magnitude  and 
relation  of  the  co-efficients.  He 
knew  that  the  number  of  positive 
roots  is  equal  to  the  number  of 
changes  of  the  signs  of  the  teims. 
That  the  co-efficient  of  the  second 
term  of  the  equation,  is  the  differ 
ence  between  the  positive  and  ne- 
gative roots :  That  when  the  se- 
cond term  is  wanted,  the  sum  ot 
the  negative  roots  is  equal  to  the 
sum  of  the  positive  roots.  How  to 
compose  equations  tliat  shall  have 
given  roots.  That  changing  the 
signs  of  the  even  terms,  changes 
the  signs  of  all  the  roots.  That 
the  number  of  roots  failed  in  pairs ; 
or  what  we  now  call  impossible 
roots,  were  always  in  pairs.  To 
change  the  equation  from  one  foim 
to  another,  by  taking  away  any 
term  out  of  it.  To  increase  or  di- 
minish the  roots  of  a  given  equa- 
tion. It  appears,  also,  that  he  had 
a  rule  for  extracting  the  cube  root 
of  such  binomials  as  admit  of  ex 
traction  ;  and  that  he  often  used 
the  literal  notation  a,  6,  c,  d,  &c. 
That  he  gave  a  rule  for  biquadra^ 
tic  equations,  suiting  all  their 
cases ;  and  that  in  the  investiga- 
tion of  that  rule,  he  made  use  oc 
an  assumed  indeterminate  quan- 
tity ;  and  afterwards  found  its  va- 
lue by  the  arbitrary  assumption  ot 
a  relation  between  the  terms.  Also, 
that  he  applied  algebra  to  the  re- 
solution of  geometrical  problems  ; 
and  was  well  acquainted  with  the 
difiiculty  of  what  is  called  the 
Irreducible  Case,  in  attempting  the 
solution  of  which  he  spent  a  good 
deal  of  time. 

About  the  time  that  Cardan  and 
Tartalea  flourished  in  Italy,  the 
science  of  algebra  was  cultivated 
in  Germany  by  Stifelius  and 
Scheubelius.  Stifelius  introduced 
the  characters  +»  — »  y/t  *'^f  plus, 
minus,   and  root,  or  radix,  as  he 

called  it.    Also  the  initials   1|^  ^  5y 

Yf  y  for  the  powers  1,2, 3,  Sco»  He 
treated  all  the  higher  orders  oC 
guadratics  by  tVxe  ftamc  ^«u<&t«\ 
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rule ;  and  introdnced  the  naineral 
exponents  i)t  lUe  powers— 3,— «, — 
I,  0,  1,  2,  3,  &c.  both  ^josilive  and 
negative,  as  far  as  iiitt-gt*al  num- 
bers, but  not  fractional  ones ;  call- 
ing them  by  the  name  exjKmens, 
exponent ;  and  taught  the  general 
uses  of  the  exponents  in  ihe  seve- 
ral operutions  of  powers,  as  we 
now  use  them  in  the  logarithms. 
He  likewise  used  the  general  lite- 
ral notation  A,  B,  C,  I),  &c.  for 
so  many  different,  unknown,  or 
general  quantities. 

Scheubelius  trt- ats  pretty  largely 
upon  surds,  and  gives  a  general 
rule  for  extracting  the  root  of  any 
binomial  or  residual,  a^b,  where 
one  or  both  parts  are  surds,  and  a 
the  greater  <]uantity ;  namely,  that 
the  square  root  of  it  is 


2  —  '  a 

which  he  illustrates   by   vaiious 
examples. 

A  few  years  after  the  appear^ 
ance  of  these  treatises  in  Italy  aiui 
Germany,  Robert  Kecorde,  a  cele- 
brated mathematician  and  physi- 
cian, born  in  Wales,  published' 
"  The  Whetstone  of  Witte,  which 
is  the  seconde  part  of  Arithme- 
tike :  containing  the  Extraction  of 
Kootes ;  tlie  Gossike  Practice,  with 
the  Rule  of  Equation;  and  the 
Works  of  Surde  Nombers/*  He 
introduced  the  extraciion  of  the 
roots  of  compound  algebraic  quan- 
tities; the  use  of  the  terms  bino- 
mial and  residual ;  the  use  of  the 
sign  of  equality,  or  =. 

Peletarins,  in  1558,  shewed  that 
the  root  of  an  equation  is  one  of 
the  divisors  of  the  last,  or  absolute 
term.  He  taught  how  to  reduce 
trinomials  to  simple  terms,  by  mul- 
tiplying them  by  compound  factors. 
He  taught  curious  precepts  and 
properties  concerning  square  and 
cube  numbers,  and  the  method  of 
constructing  a  series  of  each  by 
addition  only  ;  namely,  by  adding 
successively  their  several  orders  of 
differences. 

The  science  received  further 
improvements  up  to  the  year  1600, 
from   Rum  us,   Bombelli, 


introduced  the  general  ase  of  the 
letters  of  the  alphabet  to  denote 
indehniie  given  quantities.  He 
uses  the  vowels  A,  E,  I,  O,  Y,  for 
the  unknown  quantities,  and  the 
consonants,  B,  G,  D,  &c.  for  known 
ones.  He  invented  and  introduced 
many  expressions  or  terms,  several 
of  which  are  in  use  to  this  day: 
such'as  co-efficient,  affirmative  and 
negative,  pure  and  adfected^  or 
affected,  uncisB,  homogeneum,  Ac. 
and  the  line,  or  vincnlam,  over 

compound  quantities  thus,  A-|-B. 
Albert  Girard  was  the  first  per« 
son  who  understood  the  general 
doctrine  of  the  formation  of  the 
co-efiici<;nts  of  the  powers,  from  . 
the  sums  of  their  roots,  ana  Uieir 
products,  &c.  He  was  the  iirst 
who  understood  the  use  of  nega- 
tive roou,  in  the  solution  of  %em- 
metrical  problems;  and  was  the 
first  who  spoke  of  the  imaginary 
roots,  and  understood  thai  every 
equation  might  have  as  many  rooU, 
real  and  imaginary,  and  no  more, 
as  there  are  units  in  the  index  of 
the  highest  power. 

Thomas  Harriot  flourished  about 
the  year  1610.    He  introduced  the 
unifoim  use  of  the  small  letters 
a,  bf  c,  d,  &c. ;  vise,  the  vowels  «, 
e,  nnd  o,  for  unknown  quantities} 
and  the  consonants,  6,  c,  d,^,  Ac. 
for  the   known  .ones ;    which  be 
joins  together  like  the  letters  of  a 
word,  to  represent  the  multiplica> 
lion  or  product  of  any  namber  of 
these  literal  quantities,  and  prefix* 
ing  the  numeral  co-efficient  as  we 
do  at  present,  except  being  ^V*^ 
rated  by  a  point,  thus  6.66c.    Fur 
a  root  he  sets  the  index  of  the 
root  after  the  mark  ^/ ;  as  V  3  f«r 
the  cube  root.   He  also  introdaced 
the  characters  > and  <,for  greater 
and  less ;  and  in  the  reduction  of 
equations  he  arranged  the  opecan 
tions  in  separate  stejis,  or  unes, 
setting    the    explanations    in  She 
margin  on  the  jefi-haud  for  line. 
He    may     be    considered  as  ths 
introducer  of  the  modern  state  ot 
algebra.    He  also  showed  the  uni- 
versal generation  of  all  the  com* 
pound   or   adfecled  equations,  by 
the  continual  multiplication  of  so 


Steven, 
and  otheis;  and  a  few  years 'after,  |  many  binomial  roots. 
Schooten  published  the  whole  ma^  ;     Oughtred's   Clavis  appeared   in 
ihematical  works  of  Vleta.     Yieta  1 1631,  the  same  year  in  which  Har« 
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riot's  Algebra  was  published.  He 
was  the  first,  as  far  as  we  can 
Isarn,  who  set  down  the  decimals 
without  their  denominator;  sepa- 
rating them  thas,  *21(50.  In  alge- 
braic maltiplication,  he  either 
joins  the  letters  which  represent 
the  factors  together  like  a  word, 
or  connects  them  by  the  mark  X, 
which  is  the  first  introduction  of 
this  cliaracter.  He  also  seems  to 
be  the  first  who  used  points  to  de- 
note proportions, thus  7 . 9  ::  28.86; 
and  for  coutitined  proportion  tie 
has  this  mark  -^ .  In  his  work 
we  likewise  meet  with  the  first 
instance  of  applying  algebra  to  in- 
vestigate new  geometrical  proper- 
ties. 

Descartes'  Geomelr}',  first  pub- 
lished in  t63r,  was  ratlier  an  appli- 
cation of  algebra  to  geometry, 
than  either  algebra  or  geometry 
separately  considered.  Still  he 
made  improvements  in  both.  His 
inventions  and  discoreries  in  alge- 
bra may  be  comprehended  in  the 
application  of  algebra  to  the  geo- 
metry  of  curved  lines;  the  con- 
struction of  equations  of  the  higher 
orders ;  a  rule  for  resolving  bi- 
quadratic equations  by  means  of  a 
cubic  and  two  quadratics  y  and  his 
method  of  uuudma  et  minima* 

In  1655,  Wail  is  published  his 
"  Aritbmetica  Infinitorum,"  which 
in  a  great  measure  led  the  way  to 
infinite  series,  the  universal  appli- 
cation of  the  binomial  theorem, 
and  the  method  of  fluxions.  He 
lint  gave  an  expression  for  the 
qnadratnre  of  the  circle  by  un  in- 
finite series;  and  it  was  he  who 
first  substitnted  the  fractional  ex. 
ponents  in  the  place  of  radical 
signs,  by  which  the  operations  are 
in  many  cases  much  facilitated 
and  abridged. 

In  1707,  Whiston  published  ihc 
first  edition  of  Sir  Isaac  Newton's 
"  Arithmetlco  Universalis."  This 
was  the  text-book  used  by  Newton, 
while  he  was  professor  of  Mathe- 
matics in  the  university  of  Cam- 
bridge: and  although  it  was  never 
intended  for  publication,  it  con. 
tains  hianj'  and  great  improve- 
ments in  analytics;  particularly  in 
tlie  nature  and  transmutation  of 
equations ;  the  limits  of  tlie  roots 
25 


of  equations ;  the  number  of  im- 
possible roots;  the  invention  of  di* 
visors,  both  surd  and  rational ;  the 
resolution  of  problems,  arJihrneti* 
cal  and  geometrical ;  the  linear 
construction  of  equations ;  approx- 
imating to  the  roots  of  alt  equa- 
tions. To  the  later  editions  of 
this  work  is  commonly  subjoined. 
Dr.  Halley's  method  of  findnig  the 
roots  of  equations.  Commentaries 
upon  this  work,  by  several  per- 
sons, as  P.  Gravesande,  Castilion, 
Wilden,  and  others,  and  many  of 
Newton's  algebraical  discoveries, 
were  farther  developed  and  ex- 
plained by  Halley,  Maclaurin,  Ni- 
coles,  Stirling,  Euler,  Clairaut,  &c. 

Algebra  is  sometimes  dividetl 
into  numeral,  and  specious  oj>  li- 
teral. 

Numeral  ALOBBaA,  is  that  m 
which  all  the  given  quantities  are 
expressed  by  numbers. 

Specious  or  Literal  Alokbra,  is 
that  in  which  all  quantities,  whe- 
ther known  or  unknown,  are  ex- 
firessed  by  general  ctiaracters,  as 
etters,  &c.  in  consequence  of 
which  general  designation,  all  the 
conclusions  become  universal  the- 
orems. / 

In  algebraical  inquiries,  some 
quantities  are  assumed  as  known 
or  given  ;  and  others  are  unknown 
and  to  be.  found  out :  the  former 
are  commonly  represented  by  the 
leading  letters  of  the  alphabet,  a, 
bf  Cp  d,  &c. ;  the  latter  by  the  final 
letters,  tt>,  x,  y,  x.  Though  it  often 
tends* to  relieve  the  memory,  if  the 
initial  letter  of  the  subject  under 
consideration  be  made  use  of,  wtie. 
ther  that  be  known  or  unknown  : 
thus  r  may  denote  a  radius,  6 « 
base,  j>  a  perpendicular,  j  a  side, 
d  density,  m  mass,  &c. 

The  characters  used  to  denote 
operations  and  relations  are  prin- 
cipally as  follow : 

■—  denotes  the  equality  of  the 
quantities  between  which  it  is 
placed:  thus,  a  =  6,  denotes  that 
a  is  equal  to  b. 

>  denotes  the  inequality  of  the 
quantities  between  which  it  is 
placed,  the  point  being  turned  to- 
ward the  less:  thus,  a>6,  means 
that  a  iA  greater  than  &. 

-f-  (flus)  denotes  the  addition  of 
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desE  of  the  square  root  a*  or  ^a  \ 
|uid   \  is  the  index  of  the  cube 

root  a»  or  ^a, 

A  rational  quantity,  is  that 
which  has  no  radical  sign  or  index 
annexed  to  it.    As  a,  or  3a6. 

An  irrational  quantity,  or  surd, 
is  that  which  has  not  an  exact 
IXKK,  or  is  expressed  by  means  ol 
the  radical  sign  V^  As  V**  or  V«» 

or  ^tfi,  or  flfci  . 

The  reciprocal  of  any  quantity, 
is  that  quantity  inverted,  or  unity 
divided  by  it.    So,  the  reciprocal 

of  a,  oryis  ^^  and  the  reciprocal 

of   2.   is    I. 
b  a 

For  the  several  operations  in 
Algebra,  see  the  corresponding 
articles. 

ALGJSBRAIOAL,  something  re- 
lating to  Algebra. 

ALGEBRAICAL  Curve^  is  a 
curve  the  nature  of  which  may  be 
expressed  by  an  equation. 

ALGORITHM,  or  Algorism,  an 
Arabic  term  expressive  of  numeri 
cal  computation ;  or  the  common 
rules  of  computing  in  any  branch 
of  analybis;  as  the  algorithm  of 
numbers,  of  surds,  of  imaginary 
quantities,  &c. 
'  ALIQUOT  Part,  is  such  a  part 
of  a  number  as  is  contained  in  it  a 
certain  nnmber  of  limes  exactly. 

ALLIGATION,  one  of  the  rules 
in  AriikmetiCf  relating  generally 
to  the  compounding  Or  mixing  to- 
gether of  various  ingredienu,  of 
which  the  prices  or  qualities  are 
given,  so  Itiat  the  compound  may 
be  of  a  certain  value  or  quality. 
This  rale  is  usually  divided  into 
two  distinct  cases,  viz.  'Alligation 
Medial,  and  Alligation  Mternate, 

ALLIGATION  Medial,  is  the  me. 
thod  of  finding  the  rate  or  quality 
of  the  composition,  from  Iiaviiig 
the  rates  or  qualities  of  the  simple 
ingredients  given. 

Rule.  Multiply  each  quantity 
by  its  rate,  and  divide  the  sum  of 
all  these  products  by  the  sum  of 
the  quantities,  and  the  quotient 
will"  be  the  p'ice  or  quality  re- 
quired. 

ST 


Exam,  Require  the  value  per 
gallon  of  brandy,  made  up  of  the 
following  composition  ;  viz.  12  gal* 
Ions  at  24  shillings  p^r  gallon,  10 
at  30  shillings  per  gallon,  and  SO 
at  30  shillings  per  gallon.  By  the 
rule. 
Gal.  Price.  Products. 

12  X  24  »  288 

10  X  30  =  300 

20  X  36  =i  7S0 
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)  1308(31}  shillings  the 
120  answer. 
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ALLIGATION  Alternate^  is  the 
method  of  finding  the  quantities  of 
ingredients  necessary  to  form  a 
compound  of  a  given  rate. 

Rule,  Place  the  given  rates  of 
the  ingredients  in  a  line  under 
each  other;  noting  which  lates 
are  less  and  which  greater  than 
the  proposed  compound.  Then 
connect  or  link  with  a  crooked 
line,  each  rate  which  is  less  than 
the  proposed  compound  with  one 
or  any  number  of  those  that  are 
greater  than  the  same ;  and  every 
one  which  is  greater  with  one  or 
any  number  of  those  that  are  less. 
Take  the  difference  between  the 
given  compound  rate,  and  that  of 
each  simple  rate ;  and  set  this  dif- 
ference opposite  every  rate  with 
which  that  one  is  linked.  Then 
if  only  one  difference  stand  oppo- 
site any  rate,  it  will  be  the  quan- 
tity belonging  to  that  rate  :  but 
when  there  are  several  differences 
to  any  one,  their  sum  will  be 
quantity. 

Exam.  Let  it  be  required  to 
mix  togetiier  gold  of  various  de- 
grees of  fineness;  viz.  ot  18,  20, 
and  24  carats  fine,  so  that  tiie  mix- 
ture may  be  ol'  &1  carats  fine. 

results. 
s=  3  of  18  car. 


s=  3  of  20  car. 
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distance  =ix^c,  c  being  the  dis- 
tauce  between  the  two  stations  of 
the  shorter  staff  ED;  also  the 
lengths  of  the  slaves  remaining 
still  the  same,  ED  will  be  repre- 
sented by  d,  as  above. 

Now,  from  the  preceding  pro- 
portion we  shall  have,  by  substi- 
tuting for  ID,  ED,  lA,  and  AB,  the 
above  letters : 

1st  operation  a  :  d=  x  :  y 
8d  operation      al     i  d  =  x^^c  :  y 

Tn^^^.}  "-'■''  =  '  •■» 
that  is,  y  =  AB  =     ^*^     the  height 

of  the  tower  required. 

For  the  method  of  determining 
the  distance  I  A,  see  the  conclu- 
sion of  problem  4. 

To  measure  accessible  or  inacces- 
sible Altitudes  by  means  of  Sha- 
dows.   (Plate  I.  tig.  2J 

At  any  time  when  the  sun  shines, 
plant  a  rod  ab  perpendicularly  ai 
a.  and  measure  the  length  of  its 
shadow,  and,  immediaatelv  after, 
measure  the  shadow  of  the  pro- 
posed object  AB.  Then  by  similar 
triangles, 

ca:  ba  =  CA  :  =  AB, 

ca 

the  altitude  required. 

If  the  object  be  inaccessible, 
but  still  such  that  the  difference 
of  the  lengths  of  its  shadows, 
taken  at  two  different  times,  can 
be  ascertained,  the  altitude  may 
be  found  nearly  the  same  as  in 
the  last  example.  Thus,  make 
ab=-a,  ac  =  b,  and  the  unknown 
length  of  the  shadow  =  a; ;  let  the 
second  shadow  of  the  rod  =  bf, 
and  the  second  shadow  of  the 
tower  =:xid,  the  height  of  the 
tower  =y;  then,  by  the  preced- 
ing proportion, 

1st  operation  b  :  a  =  x  :  y 
8d  operation  b  :a=x-\2d:y 
Whence,  by>^^  , 

snbtracuon,  |  "'^'^  •  »  »      •  » 

ad 
Ihatis,  y=-- — rri    the    altitude 
bj^v 

required.  ' 

To  measure  accessible  or  inacces- 
sible Objects  by  means  of  Oftical 
RefUction,    (Plate  I.  fig.  3.) 

Place  a  mirror,  or  other  reflect- 
ing surface,  horizontaJJy  in  the 


pUne  of  the  figure's  base,  as  at  C, 
and  when  the  object  is  accessible, 
measure  the  distance  CA.  Now 
retire  back  in  the  dtreciiun  AG  to 
D,  till  the  eye  observes  the  top  of 
the  object  exactly  in  the  centre 
of  the  mirror,  which,  for  the 
greater  degree  of  accuracy,  may 
be  marked  by  a  line  across  it. 
Then  having  measured  the  dis- 
tance DC,  and  ascertained  the 
height  of  the  eye  of  the  observer, 
ibwill  be,  from  the  known  laws  of 
reflection,  as 

DEXCA. 
DC  ;DE=CA;        ,f,.       =AB, 

the  altitude  of  the  object  required. 

When  the  object  is  inaccessible, 
that  is,  wiien  the  distance  CA  can- 
not be  measured,  two  such  opera- 
tions as  that  above  must  be  em- 
ployed.    Thus, 

Let  ED  =  a,  DC=if,  and  the 
unknown  distance  CA=^x\  aUo 
let  d^  represent  the  analogous  dis- 
tance DM[3'  in  the  second  operation, 
and  x-^c  the  second  distance  C'A, 
that  is,  making  c  :=  the  distances 
between  the  t,wo  situations  of  the 
mirror;  and  let  the  required 
height  of  the  object  =  y.  Then 
substituting  the  above  letters  in 
the  preceding  proportion,  we  have, 
1st  operation  d  :  a  =  x  i  y 
2d  operation  d'  :  a  =^x ^  c  :  y 
Whence,by>^^^.^^  c  :y 
subtraction, )  ' 

ac 
and  consequently,  y  =  r^^^*  the 

altitude  sought. 

To  measure  an  accessible  or  in^ 
accessible  Object,  by  the  Oeometri- 
cat  Square,    (Plate  I.  fig.  4.) 

Having  fixed  the  instrument  at 
any  place  C,  turn  the  square  about 
the  centre  of  motion  D,  till  the 
top  of  the  object  B  is  perceived  in 
the  direction  of  the  sights  placed 
on  the  side  of  the  square  D£,  and 
note  the  number  of  divisions ;  cut 
off  the  other  side  by  the  plumb- 
line  EG;  then,  having  measured 
the  distance  CA,  we  have  by  simi- 
lar triangles,  as 

EP  :  FG  =  CA  or  DH  : 


CA  X  FG 
JiF 


=  BH; 


to  which  adding  the  height  oi  \A\e 
oiweiTei's  eye,  DC,  we  shaiV.  Vxa.Nc 

ca 


•tGPiuKdCA.   Lcl,  LhcnfoK,  iIk 
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inentof  the  Poy  de  Domme,  which 
-was  executed  in  order  to  confirm 
the  Torricellian  experiment. 

Let  EAQ,  (Plate  I.  fig.  7.)  repre- 
sent the  surface  of  the  "earth,  and 
A,  B,  C,  D,  &c^  a  column  of  the 
atmosphere.  Conceive  this  to  be 
divided  into  a  number  of  equal 
and  indeflHitely  small  parts,  AB, 
RC,  CD,  ftc.  in  each  of  which  we 
nmy  suppose  the  density  to  be  uni- 
form, because  they  are  indefinitely 
small.  Now  since  the  density  o( 
the  air  is  always  directly  as  the 
compressing  force;  and  ttie  com- 
pressing force  being  in  this  case 
the  pressure  of  the  superior  strata, 
we  shall  have  the  density  of  the 
air  in  any  of  those  parts,  as  the 
weight  of  the  column  of  aUnos- 
phere  above ;  that  is,  if  P  repre- 
sent generally  the  pressure,  and  D 
the  density  at  any  place,  and  P'^and 
W  the  pressure  and  density  at 
any  other  place  whatever,  we  shall 
have 

P  :  D  «  P/  :  D/ ; 
and,  consequently,  the  pressure  is 
to  the  density  in  a  constant  ratio, 
which  may  be  represented  by » :  1 ; 
that  is,  P  :  D  =  F  :  D'  =  n  :  1 ; 

hence,       D  =  i  P,  IV  =  ^P/,  &c. 

or,  the  density  at  any  place  is,^th 

of  the  pressure  of  the  superior 
strata  at  that  place. 

If  we  make  P  represent  the 
pressure  at  the  surface  A,  and  call 
each  of  the  parts  AB,  BC,  CD,  &c. 
equal  to  1,  then  will  aiso-^  p  re- 
present the  weight  or  pressure  of 
the  part  AB,  and,  consequently. 


P— iP  = 


«— 1 


pressure  at  B ; 
and  — — 

weight  of  BC. 
In  tlie  same  way 


P    will    be    the 


P  the  density  or 


P    will 


be  the  pressure  at  C. 

i — 5^  P  the  pressure  at  D,  &c.  Ac. 

So  that  the  pressures,  and  conse- 
quently the  densities,  will  decrease 
in  geometrical  progression,  as  the 
altitudes  increase  in  arithmetical 
81 


progression ;  hence,  calling  theden. 
sity  at  the  surface  equal  to  tf,  an<l^ 
the  several  altitudes  1,  2,  3,  dec. 
we  shall  have 

Alt.    0,      1,        2,      *  3,       4. 

Stc. 

Or,  dividing  the  latter  series  by  d», 
we  have 
All.   0,     1,      2,      .3,        4,    dtc. 

which  is  strictly  analogous  to  the 
property  of  logarithms.  In  fact, 
the  several  altitudes  fonn  a  pecu- 
liar system  of  logarithms,  of  which 
the  reciprocals  of  the  correv>ond- 
ing  densities  are  the  natural  num- 
bers, and  which  may,  therefore, 
properly  enough,  be  denominated 
atmospheric  logarithms,  on  the 
same  gronnd  as  the  Napierian  are 
termed  hyperbolic  logai  ithms.  We 
shall  consider  them  in  this  way, 

and  shall  denote  them  by  ^'y.  to 
oistingnish  them  from  the  common 
logarithms,  which  are  generally- 
ii<arked  log. ;  and  from  the  hyper- 
bolic, which  are  denoted  by  h.  log. 
Hence,  if  a  and  A  represent  any 
two  altitudes,  and  d  and  D  Ti>e' 
corresponding  densities,  wv  shall 
have  A  ^  —  ^ey.  d 

a  =  —  hoy,  D 
whence  A— a  *=  —  Xoy.  d  — 

Xoy.  D  =  Xoy.  «£ 
D* 
Now  it  is  well-known,  that  all  the 
various  systems  of  logarithms  are 
convertible  from  one  system  to  the 
other  by  a  constant  multiplier  ( 
and  hence,  in  this  case,  we  itave 
only  to  determine  the  constant 
multiplier,  that  shall  convert  the 
common  logarithm  of  a  number 
into  its  atmospheric  logarithm. 
Let  X  denote  this  multiplier, 

d  d 

and  make  "^oy*  —  =  *  log'  -r 
D  D 

so  that 

A— a  «»  X  log.  — -. 

Then  if  d  to  represent  the  density 
of  the  atmosphere  at  the  surface 
of  the  earth,  we  shall  have 
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tf,  andA  =  «lQg.  — -. 

Again,  to  find  x,  let  us  take  the 
density  at  the  surface,  and  at 
one  footsabove  it,  which,  when 
the  theimometer  stands  at  SI**,  and 
barometer  at  29^  inches,  are  found 
to  be 

fl  =  0 ;    d—  2fl05T 

A=  1 ;    D  =  26056 

whence,  56057 

A  — a  =  1  =  «  log.  .^Q^g 

or,  making  ^ 

n 
26057  ^  »,  we  have  I  =  x  log* 


But  log. 

71    J 


n— 1 


«  — 1  <  n  ^2»<^     in*     j 

And  as  iii  the  present  case,  n  is  a 
great  number,  all  the  t«rnts  past 
the  first  may  be  neglected  ;  and 
since  also  M  =  '43420448  in  the 
common  system,  we  have 
•4S429448 
1  =  «  X 


whence 

26057 
X  = 


26057 


=  00000,  very  nearly: 


■434'/tf448 
therefore,  ^ 

A  =  60000  X  log.  -^feeU 

Or,  sinde  the  height  of  the  tner- 
cury  in  the  barometer  is  always 
proportional  to    the  density,   the 

fraction      s=  — ,  m  and  M  being 

D  M 
the  height  of  the  mercury  at  the 
earth's  surface,  and  at  the  altitude 
A ;  also,  since  six  feet  is  equal  one 
fathom,  the  same' formula  may  be 
otherwise  expressed  thus : 

A  as  10000  log.  -^fathoms; 
M 

which  is  the  general  formula  for 
measuring  altitudes  by  the  baro- 
meter. 

Hence  we  have,  according  to 
the  preceding  principles,  the  fol* 
lowing  rule  for  measuring  altitudes 
by  the  barometer,  vix 

Observe  the  height  of  the  mer- 
cury at  the  bottom  of  the  object  to 
be  measured,  and  again  at  its  top; 
88  also  the  degree  of  the  thermo- 
meter in  both  these  situations ;  and 
half  the  sum  of  these  two  last  may 
be  accounted  the  mean  tempera- 
S2 


ture.  Then  maltiplv  the  difference 
of  the  logarithms  of  the  two  heights 
of  the  barometer  by  10000,  and 
correct  the  result  by  adding  or 
subtracting  so  mai^  times  its  435th 
part,  (the  proportion  in  which  air 
expends  for  every  degree  of  heat), 
as  the  degrees  of  the  mean  tem- 
perature are  mdre  or  less  than  31** ; 
and  the  last  number  will  be  the 
altitude  in  fathoms. 

^am. — If  the  heights  of  the 
barometer  at  the  bottom  and  top 
of  a  hill  are  29*37  and  26*50  inches 
respectively,  and  the  mean  tem- 
perature 26^,  what  is  the  height? 

Log.  20*37  =  1*467904 
Log.  26-69  =  1*424718 

Diff.  of  Logs.  =  0*043186 
Mult,  by       10000 

431*86 

Now 31'-26»  =  5*  temp,  below  31» ; 

therjefore  -J^  of  4:il'86  =  4*96 ; 
conseq.   431  •86—4*96  -=  426*90  fa- 
thoms, the  altitude  of  the  hill. 

Later  observations  have  shown, 
that  this  requires  certain  modifica- 
tions, on  account  of  the  difference 
in  low  and  elevated  situations,  the 
expansion  of  the  column  of  mer- 
cni'y,  and  other  circumstances. 

These,  according  to  General  Rov 
and  Sir  6.  Shuckburgh,  are  a»  fol- 
low: 

ROT.  y 

1 10000  2:1:  •468  d  \  X 
|l  +(y-32»)^0245j 

8HUCKBURGB. 
i  10000  i± '440  d   ^    X 

i   1  +  (/— 32»)  *00243  I 

Where  I  —  diff.   of  logs,    of  the 
heights  of  barom. 
d  =  diff.  of  degrees  Fah- 

renheit's  therm. 
/=:  mean  of  the  two  temp, 
shown  by  the  detach- 
ed thermometer  ex> 
posed  for  a  few  mi- 
nutes to  the  open  air, 
in  the  shade  of  the 
two  stations. 
The   sign— takes  place  when   the 
attaph^  thermometer  is  highest 
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at  the  lower  station,  and  the  sign 
4-  when  it  is  lowest  at  tltat  station. 
Exam, — Find  the  height  of  a 
mountain,  from  thie  following  ob- 
servations taken  at  the  foot  and 
summit : 

Bar.    At.  ther.  De«  th. 
Low.  sUt.  39*802  ...  68"  ...  71<* 
Hig.  salt.  26-137  ...  63*  ...  Sff* 
Here  we  have,  rf  =:  ff**,  diff.  detach. 

tliermomeier. 
And /=  61*  mean  of  de- 
tach, thermometer. 

Lo?.  29  96%  ==■  1-475119 
Log.  36'137  =  l'4172g6 

Diff.  of  Logs.  =  0-(l5786J  =  /. 

Then,  by  the  first  formula, 
/— 32»  =  3V,  and  1+  r3l  X  -00245) 

—  1.07595 
10000 /=.  100000  X  *057863 
=  578-63 

•468  d=:      *468  X  5  

2.34 


57629 
Maltiplyby    107595 


620  fathoms 


the  aliitade  sought;  tlie  decimals 
being  rejected  as  unimportant. 

Altitude,  in  Astronomjft  is  the 
arch  measuring  the  height  of  a 
celesiial  object  above  the  horizon. 
It  is  either  true  or  apparent.  The 
apparent  altitude  is  that  which 
appears  by  observations  made  on 
the  surface  of  the  earih.  And  the 
true  is  that  which  results  by  cor- 
recting the  apparent,  on  account 
of  refraction  and  parallax. 

The  quantity  of  the  refraction  is 
differeiitat  different  alliuides ;  and 
the  quantity  of  the  parallax  is 
different  according  to  the  distance 
of  the  different  luminaries:  in 
the  fixed  stars  this  is  too  small  to  be 
observed ;  in  the  sun  it  is  only 
about  8|  seconds  ;  but  in  the  moon 
it  is  at  a  mean  about  58  minutes. 

The  altitude  of  a  celestial  object 
may  be  very  accurately  deter- 
mined, by  measuring  the  arc  of 
an  oblique  great  circle  intercepted 
between  the  star  and  the  horizon, 
and  the  inclination  of  the  same 
great  circle  to  the  horiason. 

AferidtoA^  Altitu  DB  uf  any  cele*-t 
tial  oli^eei,  u  an  arch  of  the  meri-l 
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dian  intercepted  between  the  Y^or 
rlzon  and  the  centre  of  the  object 
upon  the  meridian.  The  altitude 
of  a  celestial  boy  is  greatest  when 
it  comes  to  the  meridian  of  any 
place  (the  poles  of  the  earth  ex- 
cepted, for  there  the  altitude  of  a 
fixed  body  is  subject  to.no  varia- 
tion  ;)  and  the  altitude  of  any  star 
which  sets  not,  is  least,  and  the 
depression  of  any  Htar  which  does 
set,  is  greatest  when  in  the  oppo- 
site purt  of  the  meridian. 

ALTiTUDBof  the  Pole,  is  an  arch 
of  the  meridian  intercepted  be- 
tween the  horizon  and  the  pole: 
it  is  equal  to  the  latitude. 

Altitude  of  the  Equinoxial,  is 
the' elevation  of  that  circle  above 
the  horizon,  and  is  equal  to  the 
complement  of  the  latitude. 

Ryraction  of  Altitude,  is  an 
arch  of  a  verticle  circle,  whereby 
the  altitude  of  an  heavenly  body 
is  increased  by  refraction.  And 
Parallax  of  Altitude,  is  an  arch  of 
a  verticle  circle,  whereby  the  al- 
titude is  decreased  by  parallax. 

Altitude  Instrument,  or  Equal 
Altitude  Instrument,  one  used  to 
observe  a  celestial  object  when  it 
has  the  same  altitude  on  the  east 
and  west  sides  of  the  meridian. 

Observations  of  this  kind  are 
made  for  the  purpose  of  obtaining 
the  true  time  of  the  sun's  passing 
the  meridian :  various  modes  of 
calculation  have  been  recommend- 
ed at  di/farent  times ;  but  we 
know  of  none  preferable  to  the 
following,  invented  by  Dr.  Ritteu- 
house,  the  American  astronomer. 

Suppose   there  are    four  sets  of 
altitudes  obtained  on    two  succes- 
sive  days,    {viz.    one   set   in    the 
morning,  and  one  in  the  afternoon, 
of  each  day,)  the   instrument    be- 
ing  kept    at    exactly    the    same 
height  both  days ;  then   take  the 
difference    in  .time    between    the 
forenoon  observations  of  the  two 
days,  and  also  between   the  after- 
noon observations. 
Call  half  the  diff.  of  the  two  dif- 
ferences, X; 
And  half  the  sum  of  the  two  dif- 
ferences, Y ; 
Let  the  half  interval  between  the 
two  observations  of  the  same 
day,  be  Z. 
Then,  if  tiie   timet  of  \.\\e  «A\.v 
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tudes  observed  on  the  second  day 
be  both  nearer  12,  or  both  farther 
from  12  per  clock  than  on  the  first 
day, — X  will  be  the  daily  varia- 
tion of  the  clocl(,  from  apparent 
time,  and  Y  will  be  the  daily  dif- 
ference ill  time,  of  the  sun's  com- 
ing  to  tlie  same  altitude,  Hrising 
from  the  change  of  declination. 
And  the  proposition  will  be, — 24'^ : 
Y=Z:£,  tlie  equation  souglit; 
which  will  be  found  the  same 
(wiiliout  any  sensible  difference) 
as  tiie  equation  obtained  from  the 
tables. 

But  if  one  of  the  observations 
on  the  second  day  be  nearer  12, 
and  the  other  more  remote  from 
12,  than  on  tlie  first  day, ...then  Y 
will  become  the  daily  variation 
of  the  clock  from  Rpparent  time, 
aiid  X  will  be  the  daily  difference 
in  time  of  the  sun's  being  at  the 
same  altitude.  And  the  proportion 
will  be....a4'k :  X  =  Z  :  E. 

The  equation  £,  thus  obtained, 
is  to  be  subtracted  from  the  mean 
noon,  if  the  sun's  meridian  altitude 
be  daily  increasing ;  but  to  be 
added,  if  it  be  daily  decreasing. 

AMBIGUOUS  Case,  in  IVigono- 
metry,  is  that  which  arises  in  the 
solution  of  a  problem,  in  which 
an  acute  angle  and  its  opposite 
side  are  two  of  the  given  parts,  and 
one  of  the  sides  about  the  given 
an^leis  the  third  part. 

With  these  data,  tlie  angle  op- 
posite the  unknown  side  may  be 
either  obtuse  or  acute,  because 
every  sine  answers  to  two  angles 
which  are  supplements  to  each 
other. 

Ambiguous  Sign,  in  Algebra,  is 
that  in  which  both  plus  mndminus 
enter ;  being  written  thus,  ^,  and 
is  read  plus  or  minus, 

AMPLITUDE,  in  Astronomy,  is 
an  arch  of  the  horizon,  intercepted 
between  the  true  east  and  west 
points,  and  the  centre  of  the  sun 
or  a  star  at  its  rising  or  setting ;  so 
the  amplitude  is  of  two  kinds; 
eastern  and  western.  These  are 
also  called  northern  or  southern,  as 
they  fall  in  the  northern  or  southern 
quarters  of  the  horizon ;  and  the 
compliment  of  the  amplitude,  or 
the  distance  of  the  point  of  rising 
or  setting  from  the  N.orS.  point  of 
the  horizon,  ia  called  the  azimuth, 
34 


To  find  the  sun's  amplieude,  having 
the  latitude  and  the  sun's  decli- 
nation given. 

Say,  as  the  cosine  of  the  lati- 
tude is  to  radius,  so  is  the  sine  of 
the  sun's  or  star's  declination  to 
the  sine  of  the  amplitude. 

Exam.  Let  it  be  required  to  find 
the  amplitude  of  the  san    in   lati- 
tude 51"  a!2f;  the  declination  being 
23'*  28/. 
As  cosine  5V  32/ .    .    0*7938317 
is  to  radius      .     .    .  10*0000000 
so  is  sin.  dec.  23"  98/    9-6001181 

To  amplitude  39"*  48/<   0  8002864 

And  this  is  of  the  sanie  name 
with  the  declination :  viz,  nortli, 
when  the  declination  is  north; 
and  south,  when  that  is  soath. 

Amplitudb,  in  Projectiles,  Uie 
right  line  n\yau  the  ground,  sab- 
tending  the  cnrvelinear  path  ia 
which  a  projectile  moves. 

Amplitude,  Magneticai,  is  an 
arch  of  the  horizon,  contained  be- 
tween the  sun  or  a  star  at  its  rising 
or  setting,  and  the  magneticai  east 
or  west  point  of  the  horizon  indi. 
cated  by  the  magneticai  compass, 
or  the  amplitude  or  azimnth  com- 
pass ;  or  it  is  the  difference  of  the 
rising  or  setting  bf  the  son  from  the 
east  or  wes(  points  of  ihe  compass. 

In  order  to  ascertain  this  ampli- 
tude, place  the  compass  on  a 
steady  place  from  which  the  hori- 
zon may  be  clearly  seen,  and  look- 
ing through  the  sight  vanes  of  the 
compass,  turn  the  instrument 
round  till  the  centre  of  the  sun  or 
star  may  be  seen  through  the 
narrow  slit,  which  is  one  of  the 
sight  vanes,  exactly  in  the  thread 
which  bisects  the  aperture  in  the 
other  sight  vane  ;  and  when  the 
centre  of  the  celestial  object, 
whether  rising  or  setting,  is  just 
in  the  horizon,  push  the  stop  in 
the  side  of  the  box,  so  as  to  stop 
the  card,  and  then  read  the  de- 
gree of  the  card  which  stands  just 
again«t  the  siducial  line  in  the 
box ;  and  this  gives  the  amplitude 
required.  Then  subtracting  from 
this  amplitude  the  known  or  true 
amplitude,  and  the  difference  will 
be  the  variation  of  the  magnetic 
needle. 

ANALEMM  A,  a  projection  of  the 
sphere, on  U\«  plane  of  the  meridi- 
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an,  oi*t)iographical1y  made  by  |)er.  |  therefore 


AC:CB>s  AB:BB 


pendicultirs  from   every   point  of  i  which  is  the   giv^n  ratio  by  coiu 


that  plane ;  the  eye  being  supposed 
to  be  at  an  infinite  distance;  and  in 
tiie  B.  or  W.  point  of  the  .Iborizon. 

ANALYSIS  is,  genendf^,  the 
method  of  resolving  mathematical 
problems,  by  redncing  them  to 
equations;  and  may  be  divided 
into  ancient  and  mo^m. 

The  ancient  analysis  is  the  me- 
thod of  proceeding  from  the  thing 
sought  taken  for  granted,  through 
its  consequences,  to  something  that 
is  really  granted  or  known;  in 
which  sense  it  is  opposed  to  syn- 
thesis, or  composition,  which  com- 
uiences  with  the  last  step  of  the 
analysis,  and  traces  the  several 
steps  backwards,  making  that  in 
this  case  antecedent,  which  in  the 
other  was  consequent,  till  we  ar- 
rive  at  the  thing  sought,  which 
was  assumed  in  the  first  step  of  the 
analysis. 

Moiitucla,  in  his  Histoire  des 
Math,  has  given  an  example  illus- 
trating the  method  pursued  by  the 
ancients  in  their  analysis,  as  fol- 
lows: 

Prob.  From  the  extremitfes  of 
the'  base  A  and  B,  of  a  given  seg- 
ment of  a  circle,  it  is  required  to 
draw  two  lines  AC,  BC,  meeting 
at  the  point  C,  in  th$  circumfer- 


ence, so  that  they  shall  have  a 
given  ratio  to  each  other,  suppose 
that  of  F  to  6. 

ANALYSIS. 

Suppose  the  thing  done,  viz. 
that  (Plate  I.  fig.  8.)-  AC  :  BC  = 
F ;  G,  and  let  there  be  drawn  BH, 
making  the  angle  ABU  equal  to 
the  angle  ACB,  and  meeting  AC 
produced  in  U.  Then  the  angle  A 
being  also  common,  the  two  trian- 
gles ABC,  ABH,  are  eqaiangalaj- ; 
and,  therefore, 

AC:BGc=AB:BH 
in   the  given  ratio ;  also  AB  being 
given,  BH  is  given  in  position  and 
magnitude. 

SYMTBXSIS. 

Construction.  Draw  BH,  mak- 
ing  the  angle  ABH,  equal  to  that 
which  may  be  contained  in  the 
given  segment,  and  Uke  AB  to 
BH,  in  the  given  ratio  of  P  to  6. 
Draw  ACH  and  BC. 

Dennmstration.  The  triangles 
ABC,    ABHy     are     equi-angular. 


struction. 

Modem  Analysis  comprehends 
algebra,  arithmetic  of  infinites,  in. 
finite  series,  increments,  fluxions, 
&c. ;  for  an  account  and  illustra. 
tion  of  each  of  which  see  the  re- 
spective articles. 

ANEMOMETER,  in  Mechanics, 
a  machine  for  measuring  the  force 
of  the  wind. 

ANEMOSCOPE,  a  terra  some, 
times  given  to  a  wind-dial,  which 
points  out  the  course  of  the  wind 
by  an  index  that  is  connected  by 
the  spindle  on  which  the  vane 
works. 

ANGLE,  in  Geometry ,  the  open- 
ing  between  two  lines  which  meet 
at  a  point,  or  the  inclination  of  two 
lines  which  would  meet  if  produc- 
ed. When  an  angle  is  spoken  of 
without  reference  to  the  lines  by 
which  it  is  formed,  it  is  named  by 
a  single  letter  at  the  point;  and 
when  the  lines  are  referred  to  by 
a  letter  in  the  one  line,  a  letter  at 
the  point,  and  a  letter  on  the  other 
line. 

An  Angle  is  measured  by  an  arch 
of  a  circle,  the  point  being  the  cen> 
tre,  and  the  containing  lines  the 
extremities. 

Anolxs  are  of  several  kinds  or 

denominations,  as  rectiUnear,  ctir> 

wilineart  spherical,  mixed  t  solid,  Ac, 

A  Rectilinear  Angle  is   formed 

by  the  meeting  of  two  right  lines. 

A  Curvilinear  Angle  is  formed 

by  the  meeting  of  two  curve  lines. 

A  Mixtilinear  Angle  is  formed 

by  the  meeting  of  a  right  line* and 

curve. 

'  A  Spherical  Ano  lb  is  that  wh ich 
is  formed  on  the  surface  of  a 
sphere,  by  the  intersection  of  two 
great  clrclesr  See  Sphere,  and 
Spherical  Trigonometry, 

A  tSlo/id  AffOLB  is  formed  by  the 
mutual  inclination  of  more  than 
two  plane  angles,  the  sum  of  which 
is  less  than  four  right  angles,  meet- 
ing in  a  common  point. 

A  Salient  Angle  has  its  point 
outwards ;  a  Re-entering  Angle 
has  its  point  inwards ;  a  Direct 
Angle  measures  less  than  half  a 
circle,  and  a  Retrti/lected  Angle 
more. 
A  Supplemental  Angle  is    the 
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difference  between  any  angle  and 
a  semicircle. 

A  Right  Anolk  is  eqaal  to  its 
•upplement;  an  Obtuse  Angle  is 
greater  than  its  supplement;  and 
an  Acute  Anglk  is  less.  Hence, 
ail  right  angles  are  equal,  and  each 
is  measured  by  a  quadrant,  or  the 
fourtii  part  of  a  circle. 

Vertically  opposite  Angles  are 
formed  by  two  lines  wliich  cross 
each  other.  At  each  crossing  there 
are  two  pairs  of  such  angles ;  those 
of  each  pair  are  equal,  and  the 
supplements  of  the  other  pair. 

Alternate  Anglei,  are  those 
made  on  the  opposite  sides  of  a 
Jine  cutting  two  other  lines  ;  and 
if  these  two  lines  are  parallel,  the 
alternate  angles  are  equal. 

Exterior  Angles,  are  those 
formed  by  the  sides  of  any  riglit* 
lined  figure,  and  the  adjacent  sides 
produced  ;  they  are  the  supple- 
ments of  the  interior  angles.  Hence 
the  exterior  and  interior  angles 
are  equal  to  twice  as  many  right- 
angles  as  the  figure  has  sides  ;  and 
it  can  be  shewn  that  all  the  exte- 
rior angles  of  any  figure  are  equal 
to  four  right.angles.  Hence,  again, 
if  any  figure  have  its  angles  all 
equal,  the  measure  of  one  of  its  an> 
gles,  calling  n  the  number,  and  R, 
a  righ^angle,  will  l^e 

2n— 4/2       {n—%)R        ^  «— 2 


» 


n 
3 


R 


n 
3 


examples. 
I.  Required     the    angle 
square  1 

Here«  =  4, 


of 


2 
^2 


■—  =  2.  Hence  90' 
2 

=  00°  s=  angle. 

ft.  Required  the  angle  of  a  pen- 
tagon ? 

Here  n  =  fi,-r-  =  2 .5    Hence  OO* 

jt 


25 


XI,  =  108'  =  angle 

required. 

The  sum  of  all  the  external  an- 
gles of  any  figure  is  equal  to  four 
right  angles. 

Internal  Angles,  are  the  angles 

within   a  figure,    formed    by    the 

pieeliiigof  each  two  adjacent  sides; 

as  the  angles  a,  b,  c,  &c. 

The  sum  of  all  the  jiitvard  angles 


of  any  tight-lined  figure,  is  equal 
to  twice  as  many  right  angles, 
wantiug  four,  as  the  figure  has 
sides,  fj 

uln  intGLB  at  the  Centre  of  a 
Circle,  is  that  whose  angular  point 
is  at  the  centre. 

An  Angle  at  the  Circumference, 
is  that  whose  angular  point  is  in 
any  part  of  the  circumference. 

An  angle  at  the  centre  i«  .double 
an  angle  at  the  circumference, 
when  both  stand  on  the  same  arc. 

An  Angle  in  a  Semi-Circle,\sm 
angle  at  the  circumference  con- 
tained in  a  semi-circle,  or  standing 
upon  a  semi-circle  or  diameter. 

An  an  pie  in  a  semi-circle,  U  a 
right-angle. 

An  angle  in  a  segment,  greater 
than  a  semi-circle,  is  less  than  a 
right-angle. 

An  angle  in  a  segment,  less  than 
a  semi-circle,  is  greater  than  a 
right-angle. 

ANGULAR,  something  relating 
to,  or  having  angles. 

ANGULAR  Motion,ii  that  which 
is  performed  by  an  oscillating  or 
vibrating  body,  as  referred  to  the 
angle  which  it  describes  or  passes 
over  in  a  given  time,  the  vertex  of 
which  is  ihe  point  of  suspension, 
or  centre  of  motion.  Hence  all 
points  in  a  pendulum  have  the 
same  angular  motion,  although 
their  absolute  motions  are  differ- 
ent from  each  other,  being  greater 
or  less,  according  to  their  distance 
from  the  centre  of  suspension. 

Angular  Motion  is  also  some. 
times  used  to  denote  a  motion 
which  is  partly  curvilinear,  and 
partly  rectilinear;  as  the  motion  of 
a  coach-wheel  on  a  plane. 

ANGULAR  Sections,  is  a  term 
used  by  Vieta  to  denote  a  species 
of  analytical  trigonometry,  relat- 
ing to  the  law  of  increase  and  de- 
crease of  the  sines  and  chords  bf 
multiple  arcs. 

Vieta  demonstrated  that  if  a  se* 
mi-circle    be   divided   into   ec^al 
arcs,  and  the  radius  be  taken  equal 
to  Vinity,  and  the  first  chord  nm  xi 
then  will  the  chords  drawn  from 
the  one  extremity,  beginning  with 
the  diameter  respectively,  be 
Dia  =^  2 
1st  —  X 
2nd  =  a?'2  —  2 
Srd  a=  x*  —  3* 


▲  y  X — A  N  K 


4tli  e=r  «♦  -*.  4a«  4-  J 
ath  ««  x»  --  3x8  +  i« 

6th  =  «6  —  ftir*  4- 0^  *- S 
&c.  &c.  ' 

Also,  if  the  supplemental  chord 
1t>e  taken  equal  to  y,  then  will  the 
supplemental  chords  be 
1st  =  f 

«d  =  2    —    ^ 
3d  =  3    +    ys 
4th  =2    —  4y»  +  y» 
5th  =  5jr  — 5y»  +  9^ 
&c.    &c. 
ANIMATED  iVeeif2e,    a  needle 
touched  with  a  magnet. 

ANNUAL,  in  Astranomft  any 
thing  which  relates  to  the  year, 
or  which  retnms  yearly. 

AT>fNUITlES,  signify  any  inter- 
est of  money,  rents,  or  pensions, 
payable  from  time  to  time,  at  par- 
ticular periods. 

The  most  general  division  of  an- 
nuities is  into  annuities  certain, 
and  annuitiei  contingent  J  tiie  pay- 
ment of  the  latter  depending  upon 
some  contingency ;  such,  in  parti- 
cular, as  the  ibontihuance  of  a  life. 
Anmuitixs  have  also  been  divi. 
ded  into  annuities  in  possessiout 
and  annuities  in  reversion  /  the  for- 
mer meaning  such  as  have  com- 
menced, or  are  (o  commence  itn- 
wnediately  ;  and  the  latter,  such  as 
-will  not  con^nence  till  some  par- 
ticular future  event  has  happened, 
or  till  some  given  j>eriod  of  time 
has  expired. 

AHmcitiks  may  be  farther  con- 
sidered as  being  payable  yearly, 
hay-yearly,  or  quarterly. 

the  present  value  of  an  Annuity 
is  tliat  sum  which  being  improved 
at  compound  interest,  will  be  suf- 
ficient to  pay  the  annuity. 

The  present  value  of  an  Annuity 
certain,  payable  yearly,  and  the 
first  payment  of  which  is  to  be 
made  at  the  epd  of  a  year,  is  com^ 
puted  as  follows : 

Let  the  annuity  be  supposed 
£100 ;  the  present  value  of  the 
first  payment  of  it,  or  of  a  hundred 

Couuds  to  be  received  a  year 
ence,  is  that  sum  in  hand,  which 
being  put  to  interest  will  amount 
to  £100  hi  a  year.  In  like  man- 
ner, tlie  present  value  of  the  se~ 
cond  payment,  or  of  £106  to  be 
received  two  years  hence,  is  that 
sum  which  being  pnt  to  interest 
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Immediately  will  amount  (o  £100 
Ih  two  years ;  and  so  un  for  any 
number  of  vears  or  payment;  and. 
the  sum  ox  the  values  of  all  the 
payments  will  be  the  present  value 
of  the  annuity* 

Let  the  interest  be  supposed  to 
be  4  per  cent.  The  sum  which  im- 
proved at  4  per  cent,  interest  for 
the    year,  will   produce  £100  at 


the  end  of  the  year,  is  that  sum 
which  has  the  same  proportion  to 
100  as  100  has  to  104 ;  the  sum  of 
the  interest  and  principal.  Say 
therefore,  as- 

,^      100X100      ^,, 
104:100  =  100:  — jj — s  98*19, 

value  of  the  first  payment. 

And  Uiat  sum  which  in  two  years 

will  amount  to  £100,  at  the  same 

rate  of  Interest  is  evidently  that 

which  in  one  year  will  amount  to 

£96*15.  because  we  have  seen  tiiat 

this  sum  will,  in  a  year,  amount  to 

£100 ;  we  have,  therefore,  on  the 

tame  principle  as  i(bove. 

•fl'15 
104 :  100=  9615  :  ~  =;  «M» 

value  of  Sd  pasrment, 

92*45 
104:100sf»«45:  ---=:  85-48 

104 

value  of  8d  payment. 
104  :  100=  85*48  :^=  «•!» 

value  of  4th  payment, 
and  so  on. 
But  since  the  interest  of  money 
bears  a  constant  ratio  to  principal, 
we  may  represent  these  prcmor- 
tions  more  conveniently  by  asnim- 
ing    generally  £1  as  the  yeajly 
payment,  and  r  as  the  amount  of 
£1  for  one   year;  and  whatever 
results  are  thus  produced,  being 
multiplied  by  the  yearly  payment, 
will  be  the  value  of  the  annuity 
ia  such  case.     By  this  means  the 
I  above  proportions  become 


r  :1  =  1 : 

r 

,     1 

r:l=^ 


r 
1 

1 


value  1st  payment 

.  8d  payment 

,  .  3d  payment 


and  so  on. 
The  value,  therefore,  of  an  an- 
nuity of  £1  for  n  -yeax^,  \%  c^v^tkV 
to  the  sum  of  ihe  f»eT\e%. 
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1  1    ,    »  ' 

nnd  therefore  when  the  annuity  is 
perpetual,  or  in  perpetuity,  tlie 
value  of  it  is  equal  to  the  sum  of 
the  above  series  continued  in  in- 
Jinitum. 

Now,  in  order  to  find  the  sum  of 
til  is  series,  let  us  make  it  equal  to 
V  ;  then  since 

I         1.1 

»   =        -  -f- 


1 

<fn-\ 


1 


+    &C. 


^  t;r  =  l  + 
1 


+  ;3  +  &<^- 


whence,  (r— 1)  v  =:  1 « 

xr"-->l 


or. 


I 


r—  1 

^vhich  is  a  general  formula  for  the 
))i  esent  value  of  an  annuity  of  £l 
lor  n  years.  And  since  an  annuity 
ut'  a  pounds  per  year  will  be  worth 
a  times  as  much ;  we  have  gene- 
rally 

r«  —  I         a 

r  —  1       r* 

for  the  value  of  an  annuity  of  a 

pounds  per  year,  for  n  years. 

If  the  annuity  is  to  be  at  s  iequal 

distant  times  in  the  year,  then  r 

instead  of  representing  the  amount 

of  £1  for  a  year,   must  be  taken 

for  the  ainount  of  £1  for  the  time 

of  the  first  payment ;  also  n,  which 

is  the  ninnber  of  payments  in  the 

above,  will  become  ns,  and  a  will 

a  , 
become    —  ,  whence  the  more  ge- 

neral  formula  will  be 

fw*"  —  1  a    _  rl»f  —  I 

r  —  1  i»r»»        rf  —  1 

JL 

Substituting  therefore  as  above, 

a  =  the  annuity,  or  yearly  rent ; 

n  ;=  the  number  of  years,  or  pay- 
ments ; 

r  =^  the  amount  of  II,  for  a  year, 
or  for  one  payment ; 

V  =  thf  present  value  of  the  an- 
nuity; 
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m  =  the  whole  amount; 
we  shall  have  the  several  cases  of 
annuities  expressed  by  tiie  foUow- 
int;  furmuls : 

r«  —  1        a 

1.  .  .    v.= •  X  — 

r—1       r" 

2.  .  .    a  = X  vr« 


3.  . 

4.  . 


»  = 


r»— 1 
r—  1 


X  a 


log.  tn  —  log'  t> 


log.  r 

_   ,               log.  m  —  log.© 
5.  log.  r  =  —2 •■ — =— 


0. 


Xf^       fv  i      r  —  1 

In  this  last  theorem,  R  denotes 
the  present  value  in  reversion, 
after  p  years,  or  not  commencing 
till  after  the  first  p  years,  being 
found  by  taking  the  difference  be- 
tween the  two  values. 

r  X  —  and  -   X  — 

r  —  Ir»  r—1       ** 

Let  us  now  Illustrate  these  for- 
mulas by  a  few  examples. 

Required  the  present  worth  of 
an  annuity  of  100/.  per  annum  for 
5  years,  at  yearly  payments,  half- 
yearly  payments,  and  quarterly 
payments;  the  rate  of  interest  be- 
ing 4  per  cent,  in  each  case; 

In  the  first  case,  r  =  1*04,  n  =  5, 
and  a  =  100 ;  therefore,  by  formula 
I,  we  have 

1-04*  —  I        too         _  ^^  -_ 
V  =    ■-  X  =  £445*18. 

In  the  second  case,  r  =  1*02,  i» 
=  10,  and  a  =  50 ;  therefore 


_    l-02">— 1 
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V  =  ,X r  =  £449*13, 

1«02— 1         10210 
In  the  third  case,  r  =  1*01,  n  = 
20,  anil  a  =:  25 ;  therefore 
..-..«      *         25 


I-Oiw— 1 

V  =  


1-01  —  1 

Hence,  it  is  evident  that  the 
greater  the  number  of  payments, 
the  greater  is  tiie  present  value  of 
the  annuity'. 

What  annuity,  payable  yearly, 
may  be  purchased  for  5  years  with 
2226/. ;  taking  the  rate  of  interest 
at  4  per  cent.  ? 

Here    we   have   v  =  2226,  r  =. 


A  N  N — A  N  N 


I'M,  M  =  6i  whence,  by  Ibtmula  S, 
we  obtain 

1-04—1 

dS500  per  annnm,  nearly. 

Reqaired  the  whole  amount  of 
an  annaity  of  1001.  per  annum,  fur 
90  years,  at  6  per  cent,  per  ann. 
yearly  payments. 

Here  we  have  r  =  1*09,  «  =  30, 
a  =  100.. 

r"—  1 
m  =  —  X  «. 

r  —  1 
I*09«>  —  1 

m  =   !--— «  X  100=3300i   12*. 

1*05  —  I 

Reqaired  the  amount  of  the  same 
annuity,  at  half-yearly  payments. 
Here  r  =  1'025,  n  =  40,  a  =  90. 

r«  — 1 

m  es:     -■         X  a. 

r  —  1 

*    VOiS*o  —  1 
m=  -TTT r-Xfi0=3370/O*9id 

Reqaired  theamountof  the  same 
at  quarterly  payments. 
Here  r  =  1  0125,  »  =  80  a  =  25. 


therefore  m  = 


10125^—' 


X  25 


10125  —  1 
=  3403^  Ids, 

Whence  again  it  follows,  that 
the  greater  the  number  of  pay 
ments,  the  greater  will  be  the 
amount  of  the  annuity. 

To  find  the  present  value  of  an 
annuity  by  the  following  table,  we 
have  only  to  find  the  amount  fur 
1/.  at  the  given  rate  of  interest, 
and  for  the  given  time;  which 
multiplied  by  the  given  annuity, 
or  payment,  will  be  the  present 
worth. 

KxAH.  What  is  the  present  value 
of  an  annuity  of  401.  per  ann.  to 
continue  20  years,  at  tlie  rate  of  4 
per  cent.  1 

By  the  table,  the  amount  of 
\l.  tor  20  years,  at  4  i)er  cent,  is 
13.690320;  therefore 

13-500326  X  40  =:  6431.  12/.  very 
nearly. 

For  what  relates  to  life  annul- 
ties,  see  Live  AnnuUiet  and  Insu- 
rances, 

TABLE^ 

Showing  the  present  Value  of  an  Annuity  of  £l.  per  Ann.  for  any 
number  of  Years   not  exceeding  60,  at  any  rale  of  Compound 
Interest  from  3  to  6  per  Cent. 


3perCt.  '337>eiT5r!~T|)trT3t7TJ'i>erCl.  j  per  Ci.    6  jVer  Ci. 


\rs. 

1 

S 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

J7 

18 

19 

20 

21 

22 

23 


.970874 

1.913470 

2.828611 

3.716098 

4.579708 

5.417191 

6.23028.1 

7.010693 

7.786109 

8.530203 

0.C52624 

9.951004 

10.634955 

1I.S96073 

1 1  937935 

12561 102 

13.1GG118 

13.753513 

14.323799 

14.877475 

15.415024 

15.9.'M}917 

i6.4436C8 


.966184 

'I.8906(H 

2.801637 

3.673079 

4.515052 

5.328553 

6.114544 

6.873956 

7.607687 

8.316605 

9.0015.')  I 

9.663334 

10.302738 

19. 0:^0520 

11.517411 

12  0941 I 7 

12.65)321 

13.189682 

13.709B37 

14.212403 

14.(597974 

15.167125 

15.002410 


.961538 

1.086095 

2.775091 

3.620895 

4.451822 

5.242137 

6.002055 

6.732745 

7.435332 

8.110896 

8.760177 

9.385074 

9.985648 

10.563123 

11.118387 

11.65-i29f) 

12.165669 

12  650297 

13.133839 

13.590326 

14.029160 

14.451115 

14856842 


.956938 

1.872668 

2.748964 

3.287526 

4.389977 

5.157872 

5.892701 

6.595886 

7.266790 

7.9Il;718 

8.528917 

9.118581 

9.68-i852 

10.222825 

10  739546 

1 1.2.34015 

11.707191 

12.159992 

12.593-i94 

I3.0079:i6 

13.404724 

13.784425 

14.147775 


9.52381 
1.859410 
2.723  .!48 
3.5459.-i0 
4.329477 
5.075692 

5  780373 

6  403213 
7.107822 

7  721735 
8.306414 
8.863252 
9  393573 
9  89S6U 

10.379658 
10.837770 
11.274066 
11  689587 
12.085:t2l 
12.462310 
12.821153 
13.103003 
13.488574 


.943396 

1.833393 

2.673012 

3.465106 

4.212364 

4.9I7.H24 

5.582381 

6.209794 

6  801692 

7..'^60087 

7.8S6875 

8  383844 

8  852683 

9.294984 

9.712249 

I0.I058»5 

10.477260 

10.827603 

11.158116 

11.469921 

11.764077 

12.041582 

12.303379 


in  ABDnit;  of  £|.  per  1 


3I.4811N 
11.0IT4S3 


iT.8Mosn 


\siavtm 

1S.I3MIC 


ia.MIMM 


ANNULAR  Eclipse, 


LNOHALlsriCilIil'i 


thB  jatih,  nr  olhir  plmin,  pu.ci 
tdroogh  itt  cirli«(  wtlcli  t«  fooeei 
iLmn  iba  ironlckl  yetr,  b]i  rer — 
I'TlliB  prcaeulonof  tliEafluli 
Pur  eumplc,  ibetmplcsl  tfv< 


y  yuAt  MJ"  Willi 
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planet,  by  which  it  deviates  from 
the  aphelioD,  or  apogee ;  or  it  is 
the  angular  distance  of  a  planet 
from  the  aphelion,  or  apogee ;  that 
is,  the  angle  formed  by  the  line  of 
the  apsides,  and  another  drawn 
through  the  ]>lanet. 

Kepler  distinguishes  three  kinds 
of  anomaly ;  mean,  eccentric,  and 
true. 

Mean,  or  Simple  Anomaly,  in 
the  ancient  astronomy,  is  the  dis* 
tance  of  a  planet's  mean  place  from 
the  Kjpogee,  But  in  the  modern 
astronomy,  in  which  a  planet  is 
considered  as  revolving  about  the 
sun,  in  an  elliptic  orbit,  it  is  the 
time  in  which  a  planet  moves  from 
its  aphelion  to  the  mean  place  or 
point  of  its  orbit. 

Hence,  as  the  elliptical  area  is 
proportional  to  the  time  in  which 
the  planet  describes  the  arc  bound* 
ing  that  area,  that  area  may  repre- 
sent  the  mean  anomaly. 

Eccentric  Anomaly,  or  of  the 
Centre,  is  the  arc,  intercepted  be- 
tween the  apsis,  and  the  point  de> 
termined  by  the  perpendicular  to 
the  line  of  apsides,  drawn  through 
the  place  of  the  planet;  or  it  is  the 
angle  at  the  centre  of  the  cirle. 

TYue,  or  Equated  Anomaly,  is 
the  angle  at  the  sun,  which  the 
planet's  distance  from  the  aphelion 
appears  under;  or  the  angle  form- 
ed by  the  radius  vector,  drawn 
from  the  sun  to  the  planet,  with 
the  line  of  the  apsides* 

The  finding  of  the  true  anomaly, 
when  the  mean  anomaly  is  given, 
IS  a  problem  which  has  engaged 
the  attention  of  many  able  astro- 
nomers. Dr.  Wall  is  gave  the  first 
geometrical  solution  of  it,  by  means 
of  the  protracted  cycloid;  and 
Newton  did  the  same  at  prop.  31. 
lib.  1.  Princivia. 

ANTARCTIC  Circle,  is  a  small 
circle  parallel  to  the  equator,  at 
the  distance  of  23°  28/  from  the 
antarctic  ur  southern  pole. 

ANTAacTic  Pole,  is  the  southern 
pole  of  the  earth's  axis. 

ANTECEDENT  of  a  Ratio,  de- 
notes the  first  of  the  two  terms  of 
the  ratio;  thus  in  the  prouortion 
a  :  b  =  c  I  d,  a  and  c  are  tne  two 
antecedents,  and  b  and  d  the  two 
consequents.. 
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ANTECEDENTAL  Ctlcuius,  m 
branch  of  analysis  invented  by  J. 
Glenie,  esq.  and  published  by  him 
in  1703.  The  author  professes  to 
employ  it,  with  advantage,  instead 
of  fluxions;  but  it  has  not  been 
much  attended  to  by  other  mathe- 
maticians. 

ANTECEDENT! A,  a  term  used 
by  astronomers  to  denote  a  planet 
moving  westward,  or  contrary  to 
the  order  of  the  signs.  When  its 
motion  is  eastward,  it  is  said  to 
move  in  eonsequentia, 

ANT1L06A&ITHMS,  the  com- 
plement of  the  logarithmic  sine, 
tangent,  &c.  of  an  angle;  being 
the  difference  between  them  ana 
radius. 

ANTIPARALLELS,  in  Geometry, 
are  those  lines  which  make  equal 
angles  with  two  other  lines,  but  in 
contrary  order ;  that  is,  calling  the 
former  pair  the  first  and  second 
lines,  and  the  latter  pair  the  third 
and  fourth,  if  the  angle  made  by 
the  first  and  third  lines  be  equal 
to  the  angles  made  by  the  second 
and  fourth ;  and,  on  the  contrary, 
the  angle  madr  by  the  first  and 
fourth  be  equal  to  the  angles  inade 
by  the  second  and  third;  then 
each  pair  of  lines  are  antiparallels 
to  each  other;  vlx.  the  first  and 
second,  and  the  third  and  fourth. 

It  has  been  commonly  asserted 
of  these  lines,  tliat  each  pair  cuts 
the  other  into  proportional  seg- 
ments, taking  them  alternately; 
but  this,  upon  examination,  will 
be  found  erroneous. 

ANTIPODES,  in  Geography,  are 
the  inhabitants  of  two  places  on 
the  earth  diametrically  opposite  to 
each  other,  and  who  therefore 
walk  feet  to  feet. 

It  is  obvious  that  antipodes  must 
have  the  same  degree  of  latitude, 
but  in  a  different  hemisphere ;  and 
the  difference  in  longitude  is  180**. 
It  is  therefore  night  with  one, 
when  it  is  day  with  the  other ;  and 
summer  with  one,  when  it  is  win- 
ter with  the  other. 

APERTURE,  in  Hydraulics,  is 
the  hole  through  which  a  spouting 
fluid  passes. 

APBRTcas,  in  Optics,  is  the  hole 
next  the  object-glass  of  a  telescope, 
or  microscope,  through  which  the 
Z>3 
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l^ght  and  the  image  of  tlie  object 
come  into  the  tube,  and  are  thence 
conveyed  to  the  eye. 

APEX,  the  vertex,  top,  or  sum- 
mit of  any  thing. 

APHELION,  or  Aphblidm,  that 
point  in  the  orbit  of  a  planet,  in 
which  it  is  at  its  greatest  distaipce 
from  the  san :  that  is,  at  the  ex- 
tremity of  the  transverse  diameter 
of  the  elliptic  orbit,  which  is  far- 
thest distant  from  that  focus  in 
winch  the  sun  is  placed. 

Ttie  aphelia  of^the  planets  are 
not  fixed  ;  for  their  mutual  actions 
upon  each  ot\ier  keep  tliose  points 
of  their  orbits  in  a  continual  mo- 
tion, \\-hich  is  greater  or  less  in 
the  different  planets. 

APOGEE,  in  the  ancient  Astro- 
nomy,  that  point  in  the  orbit  of  the 
sun,  or  a  planet,  which  is  farthest 
distant  from  the  earth  j  and  which 
corresponds  with  the  avhelion  of 
modern  astronomers,  it  is  still 
used  to  denote  the  greatest  dis- 
tance of  a  body  from  the  earth. 
The  moon,  for  example,  is  in  its 
apogee  •  wnen  farthest  Arom  the 
earth ;  and  its  aphelion,  when  far- 
thest from  the  sun. 

APOTOME,  the  remainder  or 
difference  between  two  lines  or 
quantities,  which  are  only  com- 
mensurable in  power.  Such  as 
the  difference  between  1  and  y/%, 
or  the  difference  between  the  side 
and  diagonal  of  a  square. 

Euclid,  in  his  tenth  boo|c,  distin- 
guishes these  quantities,  under  six 
heads,  viz, 

Apotoms  Prima,  when  the 
greater  term  is  rational,  and  the 
difference  of  the  squares  of  the 
two  is  a  square  number ;  as,  3  — 

Apotcxvb  Secunda,  When  the 
less  term  is  rational,  and  the  square 
iroot  of  the  difference  of  the 
squares  of  the  two  terms  has  to 
the  greater  term  a  ratio  expressi- 
ble in  numbers ;  such  is  \/ 18  —  4, 
because  the  difference  of  the 
jsquares  18  and  16  is  2,  and  ^2  is  to 
VlB  as  y/l  to  y/9,  or  as  1  to  3. 

Apotohe  Tertia.  When  both 
the  terms  are  irrational,  and,  as  in 
the  second,  the  square  root  of  the 
difference  of  their  squares  has  to 
the  greater  term  a  raUooal  ratio } 


as  ^24— v'l**  *'"''  *^'«  difference  of 
their  squares 24  and  18  is  0,and  yjt 
is  to  y/'i^  as  v^  to  V4  or  as  I  to  2. 

Afotohx  Quarfa.  When  the 
greater  terra  is  a  rational  number, 
and  Uie  square  root  of  the  differ- 
ence of  the  squares  of  the  two 
terms  has  not  a  rational  ratio  to  it ; 
as,  4— v'3,  where  the  difference  of 
the  squares  16  and  3  is  13,  and 
Vl3  has  not  a  ratio  in  numbers 
to  4. 

ApoTOM X  Quinta,  when  the  less 
term  is  a  rational  number,  and  the 
square  root  of  the  difference  of  the 
squares  of  the  two  has  not  a  ra- 
tional ratio  to  the  greater ;  as  >/6 
•—2,  where  the  difference  of  the 
squares  6  and  4  is  2,  and  ^/2  to  v/0, 
or  ^l  to  V3>  or  1  to  v^3,  is  not  a 
rational  ratio. 

ApoToafa  Sexta,  where  both 
terms  are  irrational,  and  tlie  square 
root  of  the  difference  of  their 
squares  has  not  a  rational  ratio  to 
the  greater ;  as  y/6^y/2,  where  ihe 
difference  of  the  squares  6  and  2 
is  4,  and  y/4  to  y/6,  or  3  to  ^0,  is 
not  a  rational  rauo. 

APPARATUS,  the  appendages 
or  utensils  belonging  to  machines; 
as  the  apparatus  of  an  air-pump, 
electrical  machine,  &c. ;  meaning 
the  various  detached  parts  which 
are  necessary  for  putting  the  ma* 
chinery  in  action,  and  for  perfoim- 
ing  experiments,  &c. 

APPARENT,  in  Mathemattcs 
and  Astronomy,  is  used  to  signify 
things  as  they  appear  to  as,  in  con- 
tradistinction from  real  or  true; 
and  in  this  respect  the  apparent 
state  of  things  is  often  very  differ* 
ent  from  their  real  state :  as  is  the 
case  of  distance,  magnitude,  &c. 

APPARENT  Conjunction  of  the 
Planets,  is  when  a  right  line,  sup. 
posed  to  be  drawn  through  their 
centres,  passes  through  the  eye  of 
the  spectator,  and  no^  fhrough  the 
centre  of  the  earth. 

APPARENT  Diameter  of  an  Ob- 
ject, is  not  the  real  length  of  that 
diameter,  but  the  angle  which  it 
subtends  at  the  eye,  or  nnder 
which  it  appears. '  This  angle  di- 
minishes as  the  distance  increases ; 
so  that  a  small  object  at  a  small 
distance  may  have  the  same  app^ 
rent  diameter  as  a  much  ^arger 
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object  at  a  greater  distance.  If  the 
objects  are  parallel  to  each  other, 
their  real  diameters  are,  in  this 
case,  proportional  to  their  dis- 
tances* The  apparent  diameter 
also  varies  with  the  position  of  the 
object  and  of  eqaal  objects  at  equal 
distances,  those  which  stand  in  a 
position  most  nearly  perpendicalar 
to  the  line  of  their  direcUpn  from 
the  observer,  will  appear  to  have 
the  greatest  diameter :  our  idea  of 
the  apparent  magnitude  generally, 
varying  nearly  as  the  optic  angle. 
But  although  the  optic  angle  be 
the  usual  or  sensible  measure  of 
the  apparent  magnitude  of  an  ob« 
ject,  yet  habit,  and  the  frequent 
experience  of  looking  at  distant 
objects,  by  which  we  know  that 
they  are  larger  than  they  appear, 
has  so  far  prevailed  upon  the  ima- 
gination and  judgment,  as  to  cause 
this  likewise  to  have  some  share 
in  our  estimation  of  apparent  mag- 
nitudes; so  that  these  will  be 
judged  to  be  more  than  In  the  ra- 
tio of  the  optic  angles. 

APPAUENT  Distance,  See  Dis- 
tance. 

APPARENT  Altitude  of  celestial 
Qhjects,  is  eifected  chiefly  by  re- 
fraction and  parallax;  and  that  of 
terrestrial  objects^  by  refraction. 
See  those  words. 

APPARENT  Fignre,  is  the  figure 
or  shsqie  which  an  object  appears 
under  when  viewed  at  a  distance ; 
and  is  often  very  different  from 
the  true  figure.  Por  a  straight  line, 
viewed  at  a  distance,  may  appear 
but  as  a  point ;  a  surface,  as  a  line ; 
and  a  solid,  as  a  surface.  Also 
these  may  appear  of  different  mag- 
nitudes, and  the  surface  and  solid 
of  different  figures,  according  to 
their  sitn^ion  with  respect  to  the 
eye ;  thus  the  arch  of  a  circle  may 
appear  a  straight  line  ;  a  square,  a 
trapezium,  or  even  a  triangle ;  a 
circle,  an  ellipsis ;  angular  magni- 
tudes, round;  and  a  sphere,  a 
circle.  Also  all  objects  have  a 
tendency  to  roundness  and  smooth- 
ness, or  appear  less  angular,  as 
their  distance  is  greater :  for,  as 
the  distance  is  increased,  the 
smaller  angles  and  asperities  first 
disappear;  after  these,  the  next 
laryer  ;  and  so  on,  as  the  distance 
is  more  and  more  increased,  the 
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object  seemiDg  still  more  and  more 
round  and  smooth. 

APPARENT  Jdotim,  is  either 
that  motion  which  we  perceive  in 
a  distant  body  that  moves,  the  eye 
at  the  same  time  being  either  in 
motion  or  at  rest;  or  that  motion 
which  an  object  at  rest  seems  to 
hare,  while  the  eye  itself  only  i» 
in  motion. 

The  motions  of  bodies  nt  a  great 
distance,  though  really  moving 
equally,  or  pastsing  over  equal 
spaces  in  equal  times,  may  appear 
to  be  very  unequal  and  irregular 
to  the  eye,  which  can  only  judge 
of  them  by  the  mutation  of  the 
angle  at  the  eye.  And  motions,  to 
be  equally  visible,  or  appear  equal, 
must  be  directly  proportional  to 
the  distances  oftne  objects  moving. 
Again,  very  swift  motions,  as, 
those  of  the  luminaries,  may  not 
appear  to  be  motions  at  all,  like 
that  of  the  hour-hand  of  a  clock, 
on  account  of  the  great  distance  of 
the  ohgects:  and  this  will  always 
hapiien,  when  the  space  actually 
passed  over  in  one  second  of  time, 
IS  less  than  about  the  14000th  part 
of  its  distance  from  the  eye.  On 
the  other  hand,  it  Is  pos!>ifole  for 
the  motion  of  a  body  to  be  so 
swift,  as  not  to  appear  any  motion 
at  all ;  as  when  through  the  whole 
space  it  describes,  there  constantly 
appears  a  continued  surface  or 
solid  as  it  were  generated  by  the 
motion  of  the  object,  as  is  the  case 
when  any  thing  is  whirled  very 
swiftly  round,  describing  a  ring, 
Ac. 

Also  the  more  oblique  the  eye 
is  to  the  line  which  a  distant  body 
moves  in,  the  more  will  the  appa* 
rent  motion  differ  from  the  true 
one. 

If  an  eye  move  directly  forwards 
in  one  direction,  any  remote  object 
at  rest  will  appear  to  move  in  a 
parallel  line  the  contrary  way. 
But  if  the  object  move  the  same 
way,  and  with  equal  velocity,  it 
will  seem  to  be  at  rest.  If  it  move 
the  same  way,  with  less  velocity, 
it  will  appear  to  move  backwards, 
with  the  diiTerence  of  the  veloci- 
ties :  if  it  move  with  greater  velo- 
city, it  will  appear  to  move  for- 
wards with  the  difference  of  the 
velocities.    And  when  the  object 
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hat  a  real  motion  contrary  to  that 
of  the  eye,  it  appears  to  move 
backwards  with  the  sam  of  the 
velocities.  The  truth  of  all  this  is 
experienced  by  persons  in  a  boat 
moving  on  water,  or  in  a  moving 
carriage,  making  observations  on 
distant  objects  in  motion,  or  at  rest. 

APPARENT  Place  of  an  Object, 
in  Cptics,  is  that  in  which  it  ap* 
peai-8,  when  seen  in  or  through 
glass,  water,  or  other  reflecting  or 
refracting  media.  In  most  cases, 
It  differs  much  from  the  tru'e  place. 

APPARENT  StatUm,  in  Astro- 
nomy, the  position  or  appearance 
of  a  planet,  or  comet,  in  the  same 
point  of  the  zodiac  for  several 
days. 

APPARITION,  in  Aitronomy, 
denotes  a  star  or  other  luminary's 
becoming  visible,  which  before 
was  hid  :  in  which  sense  it  stands 
opposed  to  Occultation, 

APPLICATE,  Ordinate  Appli- 
CATU,  in  Geometry,  is  a  right  line 
drawn  across  a  curve,  so  as  to  be 
bisected  by  the  diameter  of  it; 
being  what  we  commonly  call  a 
double  ordinate, 

APPLICATION,  in  ArUhmetic, 
is  sometimes  used  to  signify  divi- 
sion. 

APPLICATION,  in  Geometry, 
generally  means  the  placing  of  one 
line,  angle,  or  surface  upon  ano- 
ther, with  a  view  to  prove  their 
eqnality.  This  method  of  proof  is 
also  called  proof  by  suprapoHtion, 

APPLICATION  of  one  Science 
to  another,  signifies  the  use  that  is 
made  of  the  principles  of  the  one^ 
for  extending  and  perfecting  the 

"  APPLICATION  of  Algebra  to 
Geometry,  is  of  two  kinds  ;  viz.  to 
plane  or  common  geometry,  and 
lo  curve  lines.  The  first  of  these  is 
concerned  in  the  algebraical  solu- 
tion of  geometrical  problems,  the 
investigation  of  geometrical  fi- 
gures, ice.  This  method  of  resolv- 
ing geometrical  problems  is,  in 
many  cases,  more  direct  and  easy 
than  that  of  geometrical  analysis ; 
but  the  latter  method  by  synthesis, 
or  construction,  and  demonstra* 
tion,  is  the  most  elegant.  The 
algebraical  solution  generally  suc- 
ceeds best  in  such  problems  as 
44 


respect  the  sides  and  oth«rlii«» 
of  geometrical  flgares ;  and  those 
geometrical  problems  in  which 
angles  are  concerned,  are  best.  re. 
solved  by  the  geometrical  aiialyiaU. 

In  the  solution  of  problems  of 
this  kind,  principles  can  be  laid 
down  which  are  applicable  in  all 
cases,  and  much  most  necessarily 
be  left  to  the  skill  and  ingenniQr 
of  the  analyst. 

When  any  geometrical  problem 
is  proposed  for  algebraical  solo* 
tion,  one  must,  in  the  first  place, 
draw  a  figure  that  shall  represent 
the  parts  or  conditions  of  the  prob- 
lem, and  regard  that  figare  as  the 
true  one ;  then,  having  considered 
the  nature  of  the  problem,  the  fi- 
gure must  be  prepared  for  solution, 
by  producing  or  drawing  such 
lines  as  may  be  thought  necessary. 
When  this  is  done,  let  the  unknown 
line  or  lines,  which  appear  to  be 
the  most  easily  found,  and  any  of 
the  known  ones  that  may  be  requi- 
site, be  denoted  by  proper  synf 
lx>ls ;  then  proceed  to  the  oper»> 
tion,  by  observing  the  relation  that 
the  several  parts  have  to  each 
other.  No  rules  can  be  given  for 
drawing  or  producing  the  lines,  as 
mentioned  above,  and  it  would 
therefore  be  useless  to  attempt  any 
directions  on  that  head ;  it  is  prac« 
tice  only  which  will  render  a  stu- 
dent ready  in  the  solution  of  prob- 
lems of  tnis  kind  ;  but  some  idea 
of  the  method  may  be  collected 
from  the  following  examples : 

Prob.  1.  Given  the  base,  and 
the  sum  of  the  hypothenuse  and 
perpendicular  of  a  right-angled 
triangle,  to  find  the  sides  severally. 

Let  A  B  C  (plate  I.  fig.  0,)  repre- 
sent the  right-angled  triartgle,  of 
which  the  base  A  B  is  given,  and 
put  A  B  =  6,  A  C  =  X,  C  B  =  y,  the 
sun^  of  A  C  and  B  C  =  5  y  then  we 
readily  obtain  the  two  following 
equations ;  viz. 
Ist.  x'^-y?=  6«  (Euclid  1— 47.) 
2d.  ar  -t-y  =  *  •  •  •  'by  the  quest. 

X  — y  =r  ^  =  •  •  •  by  divis. 

Jte=*  +  ?!  =  ^^byaddit. 
a         9 

8y=,-.i;'  =  f!r*!bysubtr. 


A'l^ 


»P 


*', 


xe. 


and  y  s  !l=£!  =s  C  |l«  «a  nf  aiivd. 
*t. 

Prob^  S.  II  is  ifeqaue^  to  Aintr- 
mine  the  lUI^  of  «  mmMn  Inibribcd 
in  a^kten  triangle. 

Let  ABClplaiel.  flf.WJ  ns 
preaent  tMe  girm  tiianfle,  and 
K  P  6  Hlti  fnaeribed  tqaareb  Prit 
the  baw  A Bs**  the  perpendleo- 
larCOss«,  aad  tlie  side  of  Uie 
aqnare  G  F  or  6  Hss«/.  tlnn  wUI 
CIsCD  — D.la#.-«« 

And,,  liteaiiM  of  tke  aimtiar  tii* 
angles  ABC  OPC.  it  will  be,  at 
AB:CD*GPiCi}«« 


The  mot  of  wUeh  is  f  sljf  1/ 

J-  — ~j,  the  breadth  required. 

Havine  thaa  foand  the  bread  th« 
the  lengtli  mi^  be  obtained  by  di- 
vidiog  UM  area  by  tlie  l>re«dlh ;  or 
otherwise  we  liave»  Irjr  tindiue  tke 
▼aloes  of  f  ittkUad  of  dr, 


Hence  BMUtiplyinccxtremes  and 
meaos:  weliavo 

mm      wrnhm^^has 
whett«<<p+^»«i      ^er. 


hm 


of  thf  sqmure  rauired* 

Cor.  Heneo  U  Is  obeioM.  that  In 
all  triangles  whoM  bases  and  per- 
pendieolars  are  oonslaat,  tiie  side 
of  the  inseribed  tqoare  will  beeou- 
stant  also. 

Prob.  3.  Giviiyg  the  area  or  space 
of  a  rectangle,  inscribed  in  a  given 
triangle,  to  determine  tlie  sides  of 
the  rectangle. 

Let  ABC  (fig.  11 J  reprewnt  the 
given  triangle,  and  BFGH  the  in* 
bci-ibed  rectangle,  the  area  of 
M'hich  is  given,  and  which  let  be 
represented  hy  as  malie  CD  = 
f.  AB=6,  EP=»x,  and  IDs  jr; 
Uieit  will  Cl=ji— jr;  and  by  simi- 
lar triancles  we  shall  liave 
AB  :  CD  =:  EF :  CI,  or 

whence   j)«r=6p— Of, 
and  .  .  .  xjf^m,  the  arc  a* 

The  first  gives  «=5  -t p— ,* 

V  • 

the  second  .  •  x=s  — • 

jr 

Kp — 5«  .     a 
Whence  siifain        ■       =  — » 
f  9 

"r y^—vn^'"^' 


9  = 


,  hp^pm  a 

whenct  — j —       =«  -, 

or  •  •  •  -  hfm-^^  »     bm: 

which  gives  3lB— te  tc— ^; 

V 


Q^^^Om  ii'hnw*  '^ji  >f  (4-5)- 


Trob.  4.  lu  a  right-angled  trian- 
gle, having  given  the  lengths  of 
two  lines  drawn  from  the  acute 
angles  to 'the  middle  of  the  cmpo- 
site  sides,  to  find  the  sides  of  the 
triangle. 

Let  ABO  (Pig.  IS)  represent  the 
DToposed  triangle,  of  which  (he 
lines  AD,  CB»  are  given.  Make 
ADssa,  CE=fr,  AB=8x,  CB=2y, 
AGsli.    Then  we  have 

Now,  . .  4i!»+l^=4«i» 
again  .  .  4t«+  »*=**; 
therefore  15y>=4^— «« 

andconsq.  1^  =  8  \  ^ — ^ —  )  = 

CB. 

And  in  the  same  manner  we  find 

conseq.  2s =S  v'{ — ^^~'^^' 

Prob.  ff.  In  a  right-angled  trian- 
gle, having  given  the  hypcithennse 
and  side  of  the  inscribed  square,  to 
find  the  base  and  perpendicular. 

Let  ABC  (Pig.  9)  be  the  proposed 
triangle,  AC  the  given  hypoihe- 
unse,  and  BD  the  given  Mvuskic. 
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Make   AC  =  A,  PD  =  DE=*,  AB 
=x,  BCi=y. 
Then  we  have 

gfi-\.j^  =  Jfi  (Eacl.47,  1.) 
and.  .  (x— *):*  =  * :(y  —  *)  by 
sim.  trians. 

Wlieuce  xy  — fz  — *y  +  *?=i'» 
or  •  •  •   xy=s  (x+y). 

By  adding  double  this  to  the  first 
equation,  we  obtain 

a^i + 2xw  +  y«=  ft«  4- «j  (ar +y), 
or  ix-\-yf—2s(x  +  y)  =  h*i 
whence  x-j- y  =  #i  V  1^*4" *^)» 

Now  x+y  being  known,  make  it 
=  n,  then  we  have 
a«  +  y«  =  A« 
X  4-  y   =  n 
Square  the  second,  and  snbtract 
it  from  double  the  fint,  and  we 
obtain 

x«  —  Jjiy  +  y«  =  2A«  —  n«. 
By  extracting,  x— y  =  y/(ih^—n^)» 
Again  •  •  •  •x  +  y  =  »; 
therefore, 

«+v/(gA^^)^AB; 
s 

and     y  =  ^ =  -B^* 

as  required* 

Prob.  6. — Having  given  the  sum 
of  the  three  sides  of  a  right-angled 
triangle,  and  the  perpendicular, 
let  fall  from  the  right-angle  upon 
the  hypothenuse,  to  find  the  three 
sides  of  the  triangle. 

Let  ABC  (fig.  I«,)  be  the  propos- 
ed triangle,  of  which  the  sum  of 
the  sides  and  perpendicular  BD  are 
given.  Make  the  sum  of  the  sides 
=  s,  the  perpendicular  =p,  AB=x, 
BC=y,  AC  =  «. 

Then  we  have       s  +  y  -\-x  =*, 
by  the  question  x«  -f  y«  =  s'^ 

(End.  47, 1.)  x:  x  =  p  :  y,  by  sim. 
trians. ;  or       xy=pz. 
Now,  add  double  this  last  equation 
to  the  second,  then 

x^+2xy4-y-=««4-2;'2 

x'^  +  2xy+^^=J^— 2s  +  «2, 
by  transposing  z  in  the  first  equa 
tion  and  squaring. 
Whence,  s^«  +  2p2  =  *«— 2«-|- 5«, 

or,      2  =  '■      ,  o„  =  AC. 
Now  ft  being    known,  make    it 


2=:n;  then  tlie  second  and  third 
equations  become 

x'i  +  ^  =  rii 
xy  =  pn, 
4C 


Add  and  subtract  double  the  last 

equation    from  -the  first,   and  we 

have 

x9  +  2xy  4- 1^  =  »'  +  *P» 
a«  —  2xy  -t-  y«  =rn«  —  'ipnt 

the  roots  of  which  are, 

X  4-  y  =  x/(n«  4-  2fm) 
and    X  —  y  =  V(n«  —  a^). 

Whence  again,  x= 4  v'(«^4  J^)+ 
i\/(«*— 2p«=AB, 

and     .    •    •    y=W(«*+2jw»)-- 

Wherefore  the  three  sides  AB, 
BC,  AC,  are  determined. 

In  the  second  branch  of  the  Af- 
ptication  of  Algebra  to  Geam^Ory, 
or  that  wliich  respects  the  higher 
geometry,  or  the  nature  and  pro. 
perties  of  cnrve  lines,  the  natarc 
of  the  curve  is  expressed,  or  de- 
noted by  an  algebraical  eqaafiofw 
which  is  formed  as  follows:  aline 
is  conceived  to  be  drawn  to  remre* 
sent  the  diameter,  or  some  oiner 
principal  Ihie  of  the  curve;  and 
upon  this  line,   at  any  indefinite 
points,  are  erected  perpendiculars, 
which  are  called  ordinates;  and 
the  ))arts  of  the  first  line  cut  oS 
by    them    are    termed    abscisses. 
Calling  the  abscis  x,  and  its  cor- 
responding ordinate  y,  the  known 
nature  of  the  cnrve,  or  the  mntaal 
relation  of  the  other  lines  iu  it, 
will  furnish  an  equation,  involv- 
ing X  and  y,  with  some  other  let- 
ter or  letters  which  are  known. 
And  as  x  and  y  are  common  to 
every  point  in  the  primaiy  line, 
the  equation,  derived  in  this  man- 
ner, will  belong  to  every  position 
or  value  of  the  absciss  and  ordU 
nate;  and  may  be  properly  con- 
sidered as  exj[)ressing  the  natare 
of  the  curve  in  all  points  of  it, 
and  is  usually  called  the  equation 
I  of  the  curve.    Hence  every  parti- 
cular curve  will  appear  to  have 
an  appropriate  equation,  differing 
from  that  of  every  other ;  either 
as  to  the  number  of  the  terms,  the 
powers  of  the  unknown  quantities 
X  and  y,  or  the  signs  of  the  co- 
efficients of  the  terms  of  the  equa* 
tion. 

APPLICATION  of  Geometry  to 
Algebra,  is  the  converse  of  the 
first  of  the  two  preceding  cases. 
It  relates  principally  to  the  find- 


A  P 

ing  the  root!  of  an  eqnatUm  by  a 
geometrical  oonstmctidn* 

APPLICATION  of  Alg^rm  and 
Getmeirp  to  Meehtmiet.  Tbia  is 
found  on  tbe  Mune  prinelples  as 
the  Apfdieatkm  of  Alffebra  to  Geo- 
metry ;  and  consists  prinelpally  in 
representing,  hv  eoaations,  the 
carves  desanbcd  by  bodies  in  vo> 
tion;  as  In  tho  Iheoty  of  Prq|ee- 

tilCSa  tCCm 

APPUCATION  Q£Meekm$et  to 

'«  consist  ehidly  in  the 
that  Is  sometiiMS  made  of  tbe 
centre  of  gravity  of  fignre^forde- 
tcnninlnc  the  eoatents  .^f  scriids 
dceerlbeo  by  tiiose  flgnres. 
APPUCATION  of  Gmmttrp  and 


yatly  eomiali  in  ,the  t&ree  follow- 
iBig  artlelcs;  -via.  ki  dctermiainc 
Irjr  geowetrleal-  and  astronomical 
operations  thtignrt  of  the  terres. 
trial  globe;  in  findfaig  the  portions 
of  pMcea  by  their  dAnred  latl- 
tade  and  loogittodet  and  in  deter- 
mining, by  geometneal  ofieratloosy 
the  positloos  (tfjplaecs  that  are  not 
very  remote  from  one  another* 
Astronomy  and  geography  are 
again  applicable  to  the  toMiy  of 
navigation. 

APPUCATION  of  Gemnetn  and 
Algebra  to  Ph^tlcs  or  Nahwal  Phi- 
l^Mtpkf.  For  thlsapplication  we  are 
indebted  to  Sir  Isaac  Newton, 
whose  philosophy  may,  therefore, 
be  called  the  geometrical  or  math e- 
niaiical  philosophy ;  and  upon  this 
application  are  rounded  all  the 
pliyico-mathematical  sciences. — 
heuce  a  single  observation  or  expe- 
riment will  oflen  produce  a  whole 
science.  Having  ascertained^  by 
experience,  that  the  rays  of  light, 
by  refieetioB,  make  the  angle  of 
incidence  >equal  to  that  of  reflec- 
tion, we  hehce  deduce  the  whole 
science  of  C^ptoptics.  The  case 
is  also  the  sune  in  many  other 
sciences. 

APPROACH.  Yhe  Curveof^qw- 
hie  Approach,  is  of  snch  a  nature, 
tliat  a  body  descendii^  by  the  sole 
power  of  its  own  gravity  approach- 
es the  horizon  equally  m  equal 
times.  This  curve  has  l^en  found, 
by  Bernoulli,  Varignon,  Mauper- 
tnis,  and  others,  to  be  the  second 
cubical  parabola,  so  placed  that 
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its  point  of  regression,  or  vertex, 
is  uppermost,  and  the  descending 
body  must  commence  its  motion 
in  it  with  a  certain  determinate 
velocity.  Yarlgnon  rendered  the 
question  more  general  by  investi- 
gating the  carve  which  a  body 
might  describe  in  voctm,  so  as  to 
amroach  through  a  given  point 
through  equal  spaces  in  equal 
times,  according  to  any  law  of  gra- 
vity. Manpertois  also  resolved  Uie 
same  problem,  in  the  case  of  a 
body  descending  in  a  medium,  the 
resistance  of  which*  is  proportion- 
ate to  the  square  of  the  velocity. 

JfcfftMJf  ^  ArraoACBH,  a  term 
used  byDr.  Wallb,  in  his  Algebra, 
to  denote  a  method  of  resolving 
oertain  probleou,  relating  to  square 
nnmbers,  ftc ;  which  is  done  by 
first  assigning  certain  limits  to  tl&e 
qnantities  reqaired,  and  then  ap> 
proaehing  nearer  and  nearer  till  a 
eidacidence  is  obtuned.  This  me- 
thod was  invented  by  Dr.  Pell,  for 
the  solution  of  equations  of  the 
form  ji*«>«r|^  =  l;  which  pro* 
blem  was  proposed  by  Fermat,  as 
a  challenge  to  all  the  English  ma- 
thematicians of  his  time;  viz.  to 
itnd  rational  and  integral  values 
of  X  and  y,  in' the  above  equation, 
for  every  value  of  a,  except  when 
it  is  a  complete  square. 

APPROXIMATION,  in  Aigebra 
and  Arithmetic,  is  the  method  of 
approaching  nearer  and  nearer  to 
the  quantity  sought,  when  there 
is  no  methoa  of  obtaining  the  ex- 
act value. 

APPROXIMATION  to  the  Roots 
of  Equation *»  As  there  is  no  di- 
rect method  of  determining  the 
roots  of  equations  beyond  those  of 
the  fourth  degree,  and  even  in 
those  of  the  third  and  fourth  de^ 
gree- being  very  laborious  by  the 
direct  rules,  matheroaticiahs  have 
endeavoured  tu  find  methods  of 
approximating  the  roots :  of  these, 
Newton's  rule  is  the  most  popu- 
lar, and  is  founded  on  the  follow- 
ing principles : 

If  any  two  numbers,  being  sub- 
stituted for  tbe  unknown  qnantitv 
in  an  equation,  give  results  with 
opposite  signs,  an  odd  number  of 
roots  must  be  between  these  num- 
bers. 
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Thli  appnTi  from  (lie  property 
ol  iiuintitlu  be  nnlllplled  Uj^ 

iihen  ■  pulllve  niuiiber  ii  in'-— 
luicd  f»rz,  ibe  remU  it  thi 

h-.is'Vm^  than'lh'roolJlol 
Kiv.n  rrii.atiDn  by  ll»t  qoMi-..^. 

tliL-  ptopeitf  or  Uiii  leria,  cilher 
liave  tafid  Iheir  bIeiu  chiiiced  by 

■iiH  liaa  aq  opposite  flgn  to  thi 


tlly  lubullDled   mutt 


?¥;;: 


Khcl   by  (iiiding/,  or  an  upptoilt- 
pKillloiale  value  of  i,  by  niJdlng 


^  =  8+»^hVM-/* 


L  may  be  Dmlued  u  iocoiuidu- 
ilile,  una  thi»  will  give 


But  generally,  wfacn/ii  loi 
iiniii.tty,.mlUhehigl.erpo«n 
r  /  Diiy  be  omliled,  wUbont  uy 

liereforei=*'lnMrly. 


lay  =1,      -t-    log 


'll+lli3,+B3g»+C=l>. 
d  negccimB«'i."<l«'.  lor 
soni  above  .uued,  ibis  equal 

a-«si4ii'i%=«, 

Bce,  then. 


■iYSS 
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in  general,  is  liy  the  ibilowing  for- 
mula, first  published  by  Barlow: 

Let  a"»-f  aa?«— Hft*''"^<^«*~^+ 
&c.  =  w,  by  any  equation  ; 
and  xf'i-\-ax'" — '+&r'» — ^-j-ca^"— ••+• 
&c.  =  V,  x/  being  an  approximate 
value  of  x;  then 
'_    ft, {w—vy2xf ^ 

or,  x=x/+  (^_ij  y ^  („^i)  a^,»4- 

&c. 


(  n — 1  )<iar/«— »-!-(«— 3)**'*' 

The  first  formula  being  applica- 
ble to  the  cases  in  wnicn  xf  is 
greater  than  unity,  and  the  second 
when  af  is  less  than  nnity. 

These  formnlse  are  general  for 
equations  of  all  dimensions,  bat 
-when  reduced  to  pariicnlar  cases, 
tliey  become  much  more  simple: 
thus,  reducing  them  both  into  one, 
we  have  for 

(1.)  EquatioHS  of  the  third  Degree, 

'~     "*"«;  or  i;+2ar/s+««/» ' 

(2.)  Eqtustioiis  of  the  fourth  Degree, 

■I      H  I  (ti-— y)aaf 

*  ""     "^  3ii;  or  3»  +  to'* -MffH". 
(3.)  Equation*  vf  the  fifth  Degree, 


iw  or  iv  -\-  3*'^  +  iax'*  + 

te*— 4te 
And  in  the  same  way  we  might 
find  the  particular  formnla  answer- 
ing to  an  equation  of  any  otlier 
degree. 

dppllcation  of  the  preeeding  For- 
muUB. — In  order  to  this  it  may  be 
observed,  that  af  is  an  approxi- 
mate value  of  or,  found  first  by 
trial,  as  near  the  true  root  as  pos- 
sible, which  in  all  cases  ought  to 
be  true  to  the  nearest  integer. 
Then  substituting  this  value  of  a:', 
a  nearer  approximate  value  of  x 
will  be  obtained,  which  will  in  all 
cases  double  the  number  of  figures. 
Then,  considering  this  as  a  new 
value  of  aft  another  still  nearer 
value  of  X  will  be  determined ;  and 
BO  on. 

In  stating  the  degree  of  approx- 
imation to  be  that  of  doubling  the 
number  of  figures  in  the  usiuned, 
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root,  we  arc  rather  under  than 
over  the  real  stale  of  convergency; 
for  generally,  if  the  first  supposi- 
tion be  a  simple  integer,  the  first 
approximation  may  be  obtained  to 
three  places,  which,  though  ii  be 
not  always  correct  in  the  last 
place,  yet  by  employing  it  as  a 
new  approximation,  the  next  value 
of  X  will,  in  most  cases,  be  foand 
true  to  six  or  seven  figures,  which 
is  a  degree  of  convergency  that 
cannot  be  obtaioed  by  any  other 
rule  that  we  are  acquainted  with, 
at  the  same  time  that  the  operation 
is  much  more  simple  than  by  any 
other  rule  whatever. 
.  An  example  will  sufficiently  il- 
lustrate the  preceding  remarks. 

Exan^le, — Find  the  value  of  x 
in  the  cubic  equation 

j:^4-33«-f  3x=  130; 

Assume  x'  =  4^  then  by  formula  (1) 

ar's  =    64       %af^  =  128 

ar^  =    48       ax^  =    48 

a**    =    12        tf     =  130 


V 
w 


134 
130 


306  deno- 
minator 


If— If  =      6 

306)  24  (4*08  nearly. 
Therefore  now  x'=4'0«. 
Hence,  adopting  this  new  value^ 
we  have 
«^  =    a7'9173       2^8  =  135-8346 
Zaf^  =z    49-9392      ax^  =    40*939-i 
31'    =     12-24  W     =  130 


o 

—J 

1800965 

w 

= 

130 

1— »sx= 

•0965 

x* 

= 

4-08 

315-7738 


315-77)    '39372  ('001247. 
Whence,    408—  001247=4078753 
Answer. 

This  root  is  true  in  the  seventh 
figure  ;  and,  in  the  same  manner, 
the  root  of  any  other  equation  may 
be  determined. 

APSES,  in  Astronomy f  are  the 
two  points  in  the  orbits  of  the  pla- 
nets where  they  are  ai  their  great- 
est and  less  distance  from  the  sun 
or  earth  ;  the  former  being  called 
the  higher  apsis,  and  the  latter  the 
lower  apsis :  but  the  higher  a\>%\% 
is  more  coounonly  c&YVtOi  ^^^^ 
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aphelion,  ami  the  lower  apsis  the 
perihelion;  or,  according  to  the 
nnc-ieiit  astronomy,  the  apogee  and 
perigee.  The  diameter  wliicU  joins 
these  two  points  is  called  the  line 
of  the  apsideSf  and  is  supposed  to 
pass  through  the  centre  of  the  or- 
bit  of  the  planet,  and  the  centre 
of  the  sun  or  earth ;  in  the  modern 
astronomy,  this  line  makes  the 
longest  or  transverse  axis  of  the 
elliptical  orbit  of  the  planet;  and 
in  its  line  is  counted  the  eccentri- 
city of  the  orbit. 

According  to  the  above  defini- 
tion, the  lines  of  the  greatest  and 
least  distance  are  supposed  to  lie 
in  the  same  straight  line;  which 
is  not  always  precisely  the  case, 
as  the  two  frequently  make  an 
angle  with  each  other ;  and  what 
tliis  angle  diflfers  from  180^,  is  call- 
ed the  motion  of  the  line  of  the 
apsides;  and  when  this  is  less  than 
180**,  the  motion  is  said  to  be  con- 
trary to  the  order  of  the  signs; 
and  when  it  is  greater  than  180°, 
the  motion  is  said  to  be  according 
to  the  order  of  the  signs. 

AQUARIUS,  in  Astrondmy,  the 
11th  sign  of  the  zodiac,  beginning 

from  Aries ;  its  character  is  2S!I? . 

AQUEDUCT,  a  conduit  of  water, 
in  Architecture  and  Hydraulics,  is 
a  construction  of  stone  and  timber 
built  on  uneven  ground,  to  pre- 
serve the  level  of  water,  and  to 
conduct  it  through  canals  from  one 
place  to  another. 

ARCH,  OR  ARC,  in  Geometry,  a 
part  of  a  curve  line :  as  of  a  circle, 
ellipse,  &c. 

Circular  Arc,  is  any  part  of 
the  arc  of  a  circle,  and  by  which 
the  magnitudes  of. angles  are  com- 
pared ;  an  angle  being  said  to  con- 
tain so  many  degrees,  minutes,  &c, 
as  are  contained  in  the  arc  which 
subtends  it. 

Co-centric  Arcs,  are  such  as 
have  the  same  centre. 

Equal  Arcs,  are  such  arcs  of 
the  same  circle,  or  of  equal  circles, 
which  have  the  same  measure,  or 
the  same  number  of  degrees,  mi- 
nutes, S^c, 

Similar  Arcs,  are  those  which 

have  the  same  measure,  but  belong- 

Ins  to  different  circles.  The  lengths 

#«/  HimiiAr  arcs  are  to  each  other 
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as  the  radii  of  the  corresponding 
circles. 

The  length  of  circular  arcs  may 
be  expressed  in  termff  of  the  sine, 
cosine,  tangent,  &c.  in  the  follow* 
ing  manner : 

Let  a  represent  any  arc  to  radios 
1.;  «  its  sine,  c  its  cosine,  I  iu 
tangent,  Is  the  secant,  aud  v  its 
versed  sine;  then  will 


«=• 


/*s  ,  ifS     I  sit     ifi 


a=  * 


3c» 
l.*s 


2.3 
1.3.5.*^ 


5c«      7cf  ^  9<fi 
1.3.^ 

8.4.5 


>&C. 


S.4.6.7 
1.3.5vS 


+  &C. 


+ 


130* 


2«.3    '  «M.5 


',  &c. 


I 


2*.46.7' 
a=:sin.  a,  sec.  ^  a,  sec.  J  «,  sec. 

ia,  &c. 
3.1416 
«  =  -755-*    rf  =  '01745389,    &c 

X  d;  where  d  reoresenu 
the  number  of  degrees, 
&:c.    contained     in    the 
given  arc. 
8  c— C 
«  =  -- J— .»»««rly.    Where  C  and 

c  are  the  chords  of  the 
arc  and  half  arc. 

As  since  similar  arcs  are  to  each 
other  as  their  radii,  it  is  obvious, 
that  having  the  lengtii  of  any  arc 
given  to  radius  1,  the  length  of  a 
similar  arc  may  be  found  for  any 
other  radius,  by  multiplying  the 
length  of  the  first  arc  by  the  given 
radius.  Or,  since  '01745329  is  the 
length  of  an  arc  of  P,  to  radius  1; 
the  length  of  any  arc,  of  which  the 
measure  is  given,  will  be  found  by 
multiplying  the  number  of  degrees 
by  01745329:  and  that  productagain 
by  the  given  radius. 

ARCH  in  Astronomy,  has  varioos 
denominations,  according  to  tke 
circle  of  which  it  is  a  part. 

Diurnal  Arch  of  the  Sun,  is  part 
of  a  circle  described  by  the  sun  in 
his  course  between  rising  and  set- 
ting. His  nocturnal  arch  is  that 
described  between  setting  and  ris- 
ing. 

The  latitude  and  elevation  of  the 


\ 


pule  are  ncuuRd  by  vet  of  -Ji 
AiicH  oi  Prigrathm,  1/r  Hirrc 

'"Ihcb  of  Ket 


AiGH  of  ni<n,  i>  the  tDn'adsiii) 

net  nTiUrTbtrorebld  In  bli  r»yt,  be 
Binttomipeiir.    Thl>arcbi>ait^tp 


the  lU  muDiliidc  Uf.MniaiB'UHir 
I*>,  Ac.  Ttait  uifle  il  nut,  bow. 
CTcr,  eoamnl  la  ill  eueitbr  Ibe 
Mmc  iducl,  but  *kir>n  ■  lltUi 
wilb  the  iMliBil*  and  rtEellnati«i, 
&c    Willi  Rupect  ui  Viiiut,  it  i< 


therefore  eqaally  il 


Ibe  bi^  in  ill  ouei.    It  tberefon 
"Ftbe  wall  I.  a  .iMigb*  hE?r»nui' 


Dii^  >  =  Ibe  abKlHa,  ud  a  =  the 

paled.  Thai,  for  eiample.  In  Ibe 
iiUimi,  readily  deduced  from 

a= tbe  height ;  and  (pnllisg 
I  r  t^e  (pan ,  iiidin=theheitbt 
of  Ibe  key  uone)  V(« + i^P —»••=*  J 

lielftal  aboTc 


lealrilht 


.  Thi.hol(i>  good,  or»bu- 

_emQnof  tht  clrol.  tbe  atcb 

ARCTIC  Circle,  hi  'iilraiumt,  a 

AREA,  In  Seawefrir,  li  tbe  inpCT- 

Sorerrhe^reu  of  ilm"ar  plue 


iHnmonly 
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iiiing  in  an  erect  position.  The 
slcin  or  neek  is  divided  into  de- 
grees or  parts,  which  are  niim> 
bered,  to  show  the  specific  gravity 
by  ihu  depth  of  its  descent, 

ARGUMENT,  in  Astronomy ,  is 
in  general  a  quantity  u)K>n  which 
another  quantity  or  equation  de- 
pends ;  or  it  is  an  arch,  whereby 
ve  seelc  another  unknown  arch, 
bearing  some  proportion  to  the 
lirst:  lience 

Arguubmt  of  IncUnaHottf  of 
Argumsnt  of  Latitude^  of  any 
]>laiiet,  is  an  arch  of  a  planet's 
orbit,  intercepted  between  the  as- 
cending node  and  the  place  of  the 
1)lanet  from  the  sun,  numbered 
according  to  tlie  succession  of  the 
bigits. 

Alenstruai  Arocmbrt  of  LatiF- 
tude,  is  the  distance  of  the  moon's 
true  place  from  the  sun's  true 
])lace ;  by  which  is  found  the 
quantity  of  the  real  obscuration  in 
eclipses. 

Annual  AvLOW^Jtr  of  the  Moon's 
Apogee,  or  simply  Annual  Argu- 
tncut,  is  the  distance  of  the  sun's 
place  from  the  place  of  the  moon's 
apogee ;  that  is,  the  arc  of  the 
ecl)))tic  comprised  between  those 
two  places. 

Aruumknt  of  the  ParallaXt  de- 
iiotcK  the  ellect  it  produces  on  an 
observation,  and  whicli  serves  for 
determining  the  true  quantity  of 
the  horizontal  parallax. 

Argument  of  the  Equation  of 
the  Centre,  is  the  anomaly,  or  dis- 
tance, iVom  the  apogee  or  aphelion  ; 
because  this  equation  is  calculated 
in  an  elliptic  orbit  for  every  de- 
gree of  anomaly,  and  varies  accord- 
ing to  the  variation  of  the  auo- 
inuiv. 

AklES,  or  the  Ram,  in  Astro- 
nomy, the  first  of  the  old  IS  signs 

of  the  zodiac:  it  is  marked  Y^, 

in  imitation  of  a  ram's  head.  The 
sun  enters  this  sign  generally  about 
tlie  SOlh  of  March. 

ARITHMETIC,  that  part  of  ma- 
thematical science  which  treats  of 
the  nature  and  properties  of  num- 
bers, ihe  representing  of  them  by 
)iii)per  symbols,  and  the  application 
of  thcni  to  the  business  o\  talcula- 
tion.  This  science  has  undergone 
various  improvenienlh, and  has  par- 
liiken  of  the  genius  aud  language 
ff2 


of  the  dbOferent  natloos  among 
whom  it  has  been  used.  Its  origin, 
like  that  of  all  sciences*  is  involv. 
ed  in  obscurity;  nor  is  it  fully 
ascertained  to  whom  we  are  in- 
debted for  the  improved  system 
n9w  in  use. 

Arithmetic  is  divided  into  various 
kinds,  according  to  tlie  natnre  of 
the  numbers  tliat  form  the  subject 
of  it;  but  the  most  simple  form, 
and  that  which  is  the  root  or  foun- 
dation of  ail  the  others,  is  tlie  arith- 
metic of  abstract  or  simple  num- 
bers. A  number  is  called  abstract 
when  it  merely  answers  to  Uie 
question,  **  how  many  f  and  has 
no  allusion  to  the  value  of  the  said 
many,  and  no  reference  to  things 
of  any  kind,  but  which  admits  of 
having  the  name  and  value  of  any 
kind  of  things  whatever  applied 
to  it.  In  this  sense,  one  is  the 
smallest  and  simplest  number  that 
can  be  mentioned;  and  the  other 
numbers  oroceed  by  constant  ad- 
ditions of  one,  without  limit.  This 
being  the  case,  the  first  thing  re* 
quisite  for  the  formation  oi  an  arith- 
metical language,  is  the  invention 
of  a  limited  number  of  original 
names,  which  shall  comprehend  a 
great  and  almost  endless  variety  of 
numbers.  For  this  purpose,  what 
is  usually  called  a  "  scale  of  num- 
bers," becomes  necessary,  and  the 
limits  of  this  scale  are  the  powers 
of  any  number,  m  which  is  taken 
as  the  modulus  or  root.  Thus  wfi, 
m^,  nfi,  m%  m*,  will  form  five  ranks 
or  places  in  the  scale,  any  number 
whatever  being  taken  fur  tns  and 
the  scale  will  receive  its  name  ac- 
cording to  the  number  so  taken : 
thus. 

If  in=£  2,  the  scale  is  binarf. 
If  m  =   3,  the  scale  is  ternary* 
It  t»  =^  7,  the  scale  is  senary. 
If  m  =  10,  the  scale  is  denary, 
.  If  m  r=  12,  the  scale  is  duodf 
nary. 

When  the  lower  or  any  of  tke 
intermediate  places  is  blank,  it  is 
supplied  by  a  character  (0)  having 
no  separate  value,  and  another 
power  of  the  modulus  is  given  by 
adding  this  character. 

Whatever  may  be  the  value  of 

m,  »»o  is  always  =  I.     Hence,  the 

first    five    places  in    each   of  the 

,  above  scales,  expressed  iu  com- 
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mon  nambers,  or  according  to  the 
denary  »c*le,  will  be. 

Denary  I,  2,  4,  8,  16 
Ternary  1,  3,  fl,  27,  81 
Senary  h  f»  49,  943,  3401 
Denary  1, 10, 100,  looo,  10000 
Duodenaryl,  12,  144,  1728,  20736 

If,  however,  any  of  the  scale 
were  adopted,  all  these  expres- 
sions would  be  the  same ;  and 
each  wuald  require  one  cliaracier 
less  than  the  number  of  ones  in  m, 
thus. 

Denary      1, 
Ternary     1, 2, 
Senary       1,  2, 3, 4,  5, 6,. 
Denary       1 ,  2, 3, 4, «,  6, 7, 8,  9, 
Duudenaryl,  2,  3, 4, 5,  6,  7, 8, 0,^^, 
In  which  last  a  stands  for  10,  and 

»  for  II.  Fur  the  method  of  chang. 
ing  a  number  from  one  scale  to  an* 
other,  see  Notation. 

Arithmetic  receives  various  de- 
nominations, according  to  the  ua- 
iiire  of  the  numbers  treated  of: 
thus. 

Simple  or  Integral  arithroetic  is 
the  method  of  calculating  by  sim- 
ple or  abstract  numbers. 

Fractional  arithmetic  is  the  rae> 
thod  of  calculating  by  numbers 
which  are  less  than  the  number  1, 
and  is  of  two  kinds,  vulgar  and 
dedmaL  For  these,  as  well  as  for 
the  arithmetic  of  exponents,  logar- 
ithms, sines,  &c.  see  those  articles. 

Whatever  may  be  the  nature  of 
the  numbers  which  form  the  sub* 
ject  of  arithmetical  computation, 
ihere  are  but  two  changes,  of  which 
any  number  is  susceptible,  namely, 
being  made  greater,  and  being 
made  less;  and,  generally  speak- 
ing, each  of  these  may  be  per- 
rVirnied  in  two  dill'erent  ways. 
When  a  number  is  increased  by 
adding  to  it  any  number  or  num- 
bers whatever,  the  process  is  called 
addition,  and  when  it  is  increased 
by  repeating  itself  any  number  of 
times,  the  process  is  called  multi- 
plication. When  a  number  is  di- 
minished by  taking  away  from  it 
any  number  or  numbers  whatever, 
the  process  is  called  subtraction; 
and  when  it  is  diminished  by 
taking  away  one  or  more  numbers 
c<]ii.il  to  that  which  is  left,  or 
when  (which  is  the  same  thing,) 
V.\M  Muiitbtr  Icfi,  if  repeated  a  ccr« 


tain  nambcr  of  times,  would  pro- 
duce the  given  number,  the  pro- 
cess is  called  division.  These  ttmr 
processes  are  c^led  the  four  fun- 
damental operations,  and  the  me- 
thods of  performmg  them  the  four 
fundamental  rales  of  arithmetic  ; 
and  each  of  tlie  latter  is  the  con- 
verse of  the  corresponding  one  of 
the  former.  Subtraction  is  the 
converse  of  addition,  and  division 
the  converse  of  multiplication. 
For  the  method  of  performing 
each  of  these,  see  the  articles 
Addition,  Subtraction,  6ce, 

ARITHMETICAL,  any  thhig  re- 
lating to  arithmetic. 

ARITHMEl'IGAL  complement  of 
a  Logarithm,  See  Anti-lSoQkVinau 

and  COMPLKMBNT. 

ARITHMETICAL  Mean,  is  the 
middle  term  of  three  quantities  in 
aritlimetical  progression,  or  half 
the  sum  of  any  two  proposed  num- 
bers. 

ARITHMETICAL  Progression 
and  Proportion,  See  Prog  a xss  ion 
and  FaoroaTiON. 

ARITHMETICAL  Ratio,  b  the 
difference  between  any  two  adja- 
cent terms  in  arithmetical  progres- 
sion. 

ARITHMETICAL  ScaUs.  See 
Notation. 

ARITHMETICAL  TVkmg^.  See 
Trianolx. 

ARMILLARY  Sphere,  a  name 
given  to  an  artificial  sphere,  which 
represents  the  several  circles  of 
the  system  of  the  world,  put  toge- 
ther in  their  natural  order. 

The  armillary  sphere  revolves 
upon  an  axis,  within  a  horizon, 
which  is  divided  into  degrees,  and 
moveable  every  way  upon  a  bra»s 
supporter.  The  other  parts  arc 
the  equinoctial,  zodiac,  meridian, 
the  two  tropics,  and  the  two  polar 
circles 

ARTIFICIAL  Numbers,  a  term 
sometimes  used  for  logarithms,  lu 
garithniic  sines,  tangents,  &c. 

ASCENDING,  in  Astronomy,  is 
understood  of  those  stars,  &c. 
which  are  rising  al>ove  the  hori- 
zon, in  any  parallel  of  the  equator. 

ASCENDING  Latitude,  is  the 
liftitude  of  a  planet  when  going 
towards  the  north  pole. 

ASCENDING  Node,  is  that  point 
of  a  planet's  orbit  where  it  passes 
the  ecliptic  to  proceed  nuilhwacd. 
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ASCENSION,  in  Astronomy,  is 
ciUu'i-  iii;ht  or  oblique. 

Right  AscKMsioN  of  the  Sun  or 
of  a  Star,  Id  ihui  dogree  of  llie 
equinocUal  (couiilvd  from  ihe  bu- 
ginning  of  Aries  J  whicli  rises  with 
ihe  suu  or  star  in  a  right  spliere. 
Or,  it  is  that  degree  and  minute  of 
llie  equinoctial,  counted  as  before, 
which  comes  to  the  meridian  with 
tiie  sun  or  star. 

The  reason  of  thus  referring  it  to 
the  meridian  is,  because  that  is 
always  at  right  angles  to  the  equi- 
noctial, whereas  the  horizon  is 
only  so  in  a  light  or  direct  sphere. 
The  right  ascension  stands  oppos- 
ed to  the  right  descention,  and 
corresponds  to  the  longitude  of 
places  on  the  earth.  Two  fixed 
stars,  that  have  the  same  right  a»> 
eension,  that  is,  which  are  at  the 
same  distance  from  the  first  point 
of  Aries,  or  which  is  still  the  same, 
are  in  the  same  meridian,  rise  at 
the  same  time  in  a  right  sphere,  or 
with  respect  to  perstms  living  un- 
der the  equator.  If  they  be  not  in 
the  same  meridian,  the  difference 
between  their  rising,  or  coming  to 
the  meridian,  is  the  precise  differ- 
ence of  their  right  ascension.  But 
in  an  oblique  sphere,  where  the 
iiorizon  cuts  all  the  meridians  ob- 
liquely, ditferent  points  of  the 
meridian  never  rise  or  set  toge- 
ther; so  that  two  stars,  on  the 
same  meridian,  never  lise  or  set  at 
the  same  time  ;  and  the  more  ob- 
lique the  sphere  is,  the  greater  is 
the  interval  of  time  between  them. 

To  find  the  right  Ascension  of  the 
Sun  or  a  Star, 
Say,  for  the  sun. 
As  radius 

Is  to  the  cosine  of  the  snn*s 
greatest  declination,  or  obli- 
quity of  the  ecliptic. 
So  is  the  tangent  of  the  sun's 

longitude 
To  the  tangent  of  the  right 
ascension. 
If  the  obliquity  of  the  ecliptic, 
and    the   sun's   declination  were 
given,  the  proportion  for  the  right 
ascension  would  be: 
As  radius 

Is  to  the  cotangent  of  the  ob- 
liquity of  the  ecliptic, 
3o  is  the  tangent  01  the  sun's 
declination 


To  the  sine  of  the  right  asceo. 
sion. 

The  sun's  right  ascension  in  time 
is  useful  to  the  practical  astrono- 
mer in  regular  observations,  who 
adjusts  his  clock  by  sidereal  time. 
It  serves  also  for  converting  appa- 
rent into  siderial  tfane  ;  as,  for  in- 
stance, that  of  an  ec^iiise  of  Jopi- 
ter's  satellites,  in  order  to  know 
at  what  time  it  may  be  expected 
to  happen  by  the  clock.  For  this 
purpose,  the  sun's  right  ascension 
lor  tlie  precedmg  noon,  togeUier 
with  the  increase  of  right  ascen- 
sion from  noon,  must  be  added  lo 
the  apparent  time  of  a  known  sur 
passing  the  meridian:  then  sub- 
tract the  sun's  right  ascension  in 
time  at  noon,  from  the  star^  right 
ascension  in  time,  the  remainder 
is  the  apparent  time  of  the  stars 
passing  the  meridian  nearly :  from 
which  the  proportional  part  of 
the  daily  increase  of  the  same 
light  ascension  from  his  igf»parent 
time  from  noon  being  subtracted, 
leaves  the  correct  time  of  the  start 
passing  the  meridian.  The  sun's 
right  ascension  in  time  is  also  use- 
ful for  computing  the  time  of  the 
moon,  or  a  planet's,  passing  the 
meridian. 

The  Arch  oj  Right  AscsNSioii,  is 
that  portion  of  the  equator,  inter- 
cepted between  the  beginning  of 
Aries  and  the  point  of  the  equator, 
which  is  the  meridian :  or  it  is  the 
number  of  degrees  contained  in  it. 

Oblique  Ascension,  is  an  arch  of 
the  equator,  intercepted  between 
the  first  point  of  Aries,  and  that 
point  of  the  equator  -which  rises, 
together  with  the  star,  &c.  in  an 
oblique  sphere.  The  oblique  as- 
cension is  counted  from  weat  to 
east ;  and  is  greater  or  less,  ac- 
cording to  the  different  obliquities 
of  the  sphere. 

Arch  of  Oblique  Ascension,  is 
the  arch  on  which  the  oblique  as- 
cension is  measured. 

ASCENSIONAL  Difference,  is 
the  difference  between  the  right 
and  oblique  ascension. 

To  And  the  ascensional  Difference 

of  the  Sun,  having  the  Sun's  D^ 

clination  and  the  Latitude  of  the 

Place, 

Say,  As  radius 

Is  to  the  tftDgeut  of  the  latitadCr 


ASCII,  an  ihuH  inhablluU  dI 

ASfBCT,  In  ^troHimif,  ii  the 
Hiib  T°E*rd  lo'euh  o^cr.    Ttae^re 

■nyiwopluieuia.  •  .J 
^,  iTcilfte,  whin  Ihg  ugJe  >     ,„. 

O.Qiurtik,  whcnthfu-)     ... 

ei=  > I   "" 

A,  n-tiu,  whenthcaoEltia  1.10° 

wll™  Ihc  planEla  hiva  enatlly 
the  disiwicM  iltKribed  abcve, 
they  uv  c*ll»)  fartitt  atpecti ; 

prcclKj)'  thne  meunicii  tbcy  ua 
cftLlfd  flatic  antcrt, 

ASPKKITY,  the  TDti«hiuu  or 
Inequality  in  the  inrTaccof  bodicL 

ASSUIUVCE  on  lAm.  Bee 
Li*i>. 

ASTEROIDS,  In  iilnmemy,  a 
name  eiTCD  by  Dr.  Her>che[  to  the 

ih"  "onign  ^uono'^n'viai 
01  be  19,  and  Hardline. 
ASTER  ISM.  II)  Altrlnuimy,  ui 

ASTRMA,  in  Ailnmimy,  >.  n;i 
Riven  by  amne  amhou  Ui  Ibe  ^ 

aIt'RAL,  depend  1 1. 3  or  belong 
loUie.iaj:.i  ai  A.xaiL  !««■, 


ASTBODICTICUM,  at.  ^UTm-.c 
WelShel'byineaiiiutvhicb  hv< 

STKOGNOSIA,  >^nifl«i 

iwledE*  of  Iha  llxnj  >uir>,  thci 

'"A'firkuLA%B^''ihit  i!'^i..E'4>f  m 


and  cuiylni  Iws  aiflii*  i  Uia 
whale  belDf  atiached  lorn  inall 


o  damKa  a  tterco^rfr 
^^ — tiou  ot  Iha  ipliera- 
r  apvn  the  plane  of  Iha  cqna 


lor,  ilie  ije  beinB  nippoied  lo  b* 
ihe  plnn?  of  the  meiidlan,  vhen 

ASTRONOBIICAL,  an;IhiD(  le- 
^AsS'RONOMvra'iniaed  mallie- 

tiom,  peiiud^  Mlipiei,  magni- 
tudes, &c,  and  o£  ine  cansea  on 
,  lU'y  depend.    Thai  part  uf 

motloua,  nfagidtiidet,  and  nenudn 


Slilor^tfAitTBMins^. 

hintonoflbiaKJencF,  likelliaio( 
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which  show  that  several  of  the 
most  remarkable  celestial  pheno- 
mena mast  Have  been  observed, 
and  a  knowledge  of  them  dissemi- 
nated, at  a  very  remote  period. 
Jitit  in  what  age  or  country  the 
science  first  originated,  or  by 
whom  it  was  gradually  methodised 
and  improved,  is  extremely  Un- 
certain. 

M.  Bailly,  in  bis  elaborate  his- 
tory of  ancient  and  modern  astro- 
nomy, endeavours  to  trace  the  ori- 
gin of  tliis  science  among  the  Chal- 
deans, Egyptians,  Persians,  Indi- 
ans, and  Chinese,  to  a  very  early 
period.  And  thence,  he  maintains, 
that  it  was  cultivated  in  Egypt  and 
Chaldea  2800  years  before  Christ: 
in  Persia,  3209  ;  in  India,  3101 ;  and 
in  China,  2052  years  before  that 
sera.  He  also  apprehends,  thai 
astrononw  had  been  studied  even 
long  before  tliis  distant  period, 
and  that  we  are  only  to  date  its 
revival  from  tliis  time. 

In  investigating  the  antiquity 
and  progress  uf  astronomy  among 
the  Indians,  M.  Bailly  examines 
and  compares  four  different  sets  of 
astronomical  tables  of  the  Indian 
philosophers;  namely,  that  of  the 
Siamese,  explained  by  M.  Cassini 
in  1689;  that  brought  from  India 
by  M.  le  Gentil,  of  the  Academy 
of  Sciences ;  and  two  other  manu- 
script  tables,  found  among  the 
papers  of  the  late  M.  de  Lisle ;  all 
of  which  he  found  to  accord  toge- 
ther, and  all  referring  to  the  meri- 
dian of  Benares.  It  appears  tiiat 
liie  fundamental  epoch  of  the  In- 
dian astronomy,  is  a  remarkable 
conjunctit-n  of  the  sun  and  moon, 
which  took  place  at  the  distance 
of  3102  years  before  Christ :  and 
M.  Bailly  informs  us,  that  by  oar 
most  accurate  astronomical  tables, 
such  a  conjunction  did  really  hap- 
pen at  that  time.  He  farther  ob- 
serves, that  at  present  the  Indians 
calculate  eclipses  by  tlie  mean  mo- 
tions of  the  sun  and  moon  com- 
mencing at  a  period  5000 years  dis- 
.  tant. 

The  solar  year  of  the  Brahmins 
of  Tervalore  is  divided  into  twelve 
nnequal  months,  each  being  equal 
to  the  lime  the  sun  occupies  in 
moving  through  a  sign;  and  in 
their  calculations  lor  a  day,  they 
50 


employ  the  time  the  san  moTCt  1* 
in  the  ecliptic.  Their  sidereal 
year  consists  of  365<<,  0*,  12m,  30»; 
and  the  tropical,  of  36S<t,  sh^  50", 
3A«.  They  assign  inequalities  to 
the  motions  of  the  planets,  answer* 
ing  very  well  to  Uie  annaal  paral- 
lax,  and  the  equation  of  the  ceii« 
tre. 

Most  authors,  however,  fix  the 
origin  of  astronomy  and  astrology 
either  in  Chaldea,  or  in  Bgypt; 
and,  accordingly,  among  the  an- 
cients, we  find  the  word  Chaldean 
often  used  for  astronomer,  or  as- 
trologer. Both  of  these  nations 
pretended  to  a  very  high  antiquity, 
and  claimed  the  honour  of  produ- 
cing the  first  cultivators  of  thu 
science.  The  Chaldeans  boasted 
of  their  temple,  ur  Tower  of  Belos, 
and  of  Zoroaster,  whom  they  placed 
6000  years  belore  the  desli  action 
of  Troy  :  ^hilethe  Egyptians  spoke 
with  equal  pride  of  their  colleges 
of  priests,  where  astronomy  was 
taugiit;  and  of  the  niou anient  of 
Osymandyas,  in  which,  it  is  said, 
there  was  a  golden  ciicle  of  SiOi 
cubits  in  circumference,  and  one 
cubit  thick,  divided  into  305  equal 
parts,  answering  to  the  days  of  the 
year,  &c. 

From  Chaldea  and  Egypt,  the 
science  of  as'tronomy  passed  intu 
Phenicia,  and  was  by  that  people 
applied  to  the  purposes  of  naviga- 
tion, whence  ihey  became  masters 
of  the  sea,  and  of  almost  all  the 
commerce  in  the  world.  The 
Greeks,  it  is  probable,  derived 
their  astronomical  knowledge  chief. 
ly  from  the  Egyptians  and  Phenici- 
ans,  by  means  of  several  of  their 
countrvmen  who  visited  those  na- 
tions for  the  purpose  of  learning 
the  different  sciences. 

Several  of  the  constellations  are 
mentioned  by  Hesiod  and  Homer, 
who  lived  870  years  before  Christ. 
The  knowledge  of  the  Greeks  in 
this  science,  was  greatly  improved 
by  Thales  the  Milesian,  and  others, 
who  travelled  into  Egypt.  Thales 
was  born  abont  640  years  before 
Christ;  and  was  the  first  among 
the  Greeks  who  observed  stars,  the 
solstices,  the  eclipses  of  the  sun 
and  moon,  and  predicted  an  eclipse 
of  the  sun.  The  science  was  far- 
ther cultivated  and  extended  by 


the  rays  of  the  ixiv,  and 
labited  like  the  earth ;  that 
were  a  kind  of  wandering 
isapfpearing  in  the  farther 
'  their  orbits;  that  the  white 
>f  the  milky  way  was  owing 
inited  brightness  of  a  great 
de  of  small  stars;  and  he 
!d  that  the  distances  of  the 
ind  planets  from  the  earth, 
A  certain  harmonic  proper- 
one  another. 

laos,  a  Pythagorean,  who 
ed  about  450  years  before 
auerted  the  annual  motion 
arth  about  the  sun;  and  not 
fter,  the  diurnal  motion  of 
txb,  on  its  own  axis,  was 
by  Hicetus  a  Syracuslan. 
.he  same  time,  Meton  and 
ion  flourished  at  Athens, 
they  observed  the  summer 
432  years  before  Christ; 
lenredthe  risings  and  set> 
'  the  stars,  and  to  what  sea^ 
ey  answered.  Meton  also  in- 
the  cycle  of  nineteen  years, 
still  bears  his  name, 
wthenes,  who  was  bom  at 
in  the  year  271  before 
measured  the  circumfcr> 
'  the  eartli ;  and  being  m- 
rom  Athens  to  Alexandria, 
lemy  Euergetes,  and  made 
of  the  royal  library  there, 


tliat  there  was  a  motion  of  antici- 
pation of  the  moon's  nodes;  he 
constructed  tables  of  the  motions 
of  the  sun  and  moon,  collected 
accounts  of  such  eclipses,  &c.  as 
had  been  made  by  the^^yptians 
and  Chaldeans,  and  calculated  all 
that  were  to  happen  for  GOO  years 
to  come :  he  discovered  that  tlie 
fixed  stars  changed  their  places, 
having  a  slow  motion  of  their  owu 
from  west  to  east;  he  corrected 
the  Calippic  period,  and  pointed 
out  some  errors  in  the  method  of 
Erastosthenes  for  measuring  the 
circumference  of  the  earth;  he 
computed  the  tun's  distance  more 
accurately  than  any  of  his  prede- 
cessors :  bnt  his  chief  work  is  a 
catalogue  which  he  made  of  the 
fixed  stars,  to  the  number  of  lots, 
with  their  longitudes  and  latitudes, 
and  apparent  magnitudes ;  which, 
with  most  of  his  other  observa- 
tions, are  preserved  by  Ptolemy  in 
his  Almagest* 

But  little  progress  was  made  in 
astronomy  from  the  time  of  Hip- 
parchus  to  that  of  Ptolemy,  wiio 
was  bom  at  Pelusium  in  Egypt,  in 
the  first  century  of  the  Christian 
era,  and  who  made  the  greatest 
part  of  his  observations  at  tlie  ce- 
lebrated school  of  Alexandria  in 
that  country.    Profiting  by  the  ob- 
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out  uf  Greek  into  Arabic,  in  the 
year  827,  and  again  into  Latin  in 
1230. 

From  the  year  800  till  the  begin- 
ning; of  ttie  K)nrteenlii  century,  the 
western  parts  of  Europe  were  im- 
mersed in  ignorance  and  barbarity, 
while  the  Arabians,  profiting  by 
the  books  they  had  preserved  from 
tlie  wreck  of  the  Alexandrian  Li- 
brary, cultivated  and  improved  all 
the  sciences,  and  particularly  as- 
tronomy, in  which  they  had  many 
able  professors  and  authors;  the 
caliph,  Al  Manor,  fiirst  introduced 
a  taste  for  the  sciences  into  his 
empire;  and  bis  grandson,  Ai 
Mamon,  who  ascended  the  throne 
in  814, was  a  great  encourager  and 
improver  of  the  sciences,  and  e^ 
pecially  of  astronomy.  Having 
constructed  proper  instruments,  he 
made  many  observations;  deter- 
mined the  obliquity  of  the  ecliptic 
to  be  2a**  35/ ;  and  under  his  auspi- 
ces, a  degree  of  the  circle  of  the 
earth  was  measured  a  second  time, 
in  the  plain  of  Singar,  on  the  bor- 
der of  the  Red  Sea. 

The  settlement  of  the  Moors  in 
Spain  introduced  the  sciences  into 
Europe;  from  which  time  they 
have  continued  to  improve,  and 
to  be  communicated  from  one  peo- 
pie  to  another,  to  the  present  time, 
M'hen  astronomy  and  ail  the  scien- 
ces have  arrived  at  a  very  eminent 
degree  of  perfection.  The  Empe- 
ror Fredeiick  IL  about  1230,  first 
began  to  encourage  learning,  by 
restoring  some  decayed  universities 
and  founding  a  new  one  in  Vienna: 
lie  also  caused  the  works  of  Aris- 
totle, and  Ptolemy's  Almagest,  to 
be  translated  into  Latin  ;  and  from 
the  translation  of  this  work  we 
may  date  the  revival  of  astronomy 
in  Europe.  Two  years  after  this, 
John  de  Sacro  Busco,  or  John  of 
Halifax,  compiled  from  Ptolemy, 
Albategnius,  Alferganus,  and  other 
Arabic  astronomers,  his  work  "  De 
Sphaera,"  which  was  held  in  the 
greatest  estimation  for  300  years 
after,  and  was  honoured  with  com- 
mentaries by  Clavius  and  other 
learned  men.  In  1240,  Alphonso, 
King  of  Castile,  not  only  culiivaled 
astronomy  himself,  but  greatly  en- 
couraged others;  and  by  the  as- 
sistance of  several  learned  men  he 
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corrected  the  tables  of  Ptolemy, 
and  composed  those,  which  were 
denominated  from  him  the  Alphon- 
sine  Tables.  About  the  san«  time 
also  Roger  Bacon,  an  Bngliih 
monk,  wrote  several  tracts  relative 
to  astronomy,  particularly  of  the 
Innar  aspects,  the  solar  rays,  and 
the  places  of  the  fixed  stars.  And 
about  the  year  1270,  Viteilo,  a  Po- 
lander,  composed  a  treatise  on  op- 
tics, in  whicn  be  showed  the  use 
of  refraction  in  astronomy. 

Little  other  improvement  was 
made  in  this  science  till  the  time 
of  Purbach,  who  was  born  in  14B3. 
He  composed  new  tables  of  sines 
for  every  ten  minutes,  making  the 
radius  sixty,  with  four  ciphers  an- 
nexed. He  constructed  spheres 
and  globes,  and  wrote  several  as> 
tronomical  tracts,  as  a  commentary 
on  Ptolemy's  Almagest ;  some  trea- 
tises on  arithmetic  and  diallings 
with  tables  for  variQus  climate»; 
new  tables  of  the  fixed  stars,  re- 
duced to  the  middle  of  that  ceiv 
tury ;  and  he  corrected  the  tables 
of  the  planets,  making  new  equa- 
tions to  them  where  the  Alphon- 
sine  tables  were  erroneous.  He 
had  just  finished  a  theory  of  the 
planets,  when  he  died- in  1402,  be- 
ing only  thirty-nine  years  of  age. 

After  Purbach,  the  snl^ect  of 
astronomy  was  cultivated  by  John 
MuUer,  commonly  called  Regio- 
montanns;  by  Bernard  Waltber, 
and  John  Werner ;  Copernicus  was 
the  next  who  made  any  consider* 
able  figure  in  astronomy.  He  very 
early  conceived  doubts  of  the 
Ptolemaic  system,  and  entertained 
notions  about  the  true  one,  which 
he  gradually  improved  by  a  series 
of  astronomical  observations,  and 
the  contemplation  of  former  au- 
thors. By  these  he  formed  new 
tables,  and  completed  his  work  in 
the  year  1530,  containing  these, 
and  a  renovation  of  the  true  system 
of  the  universe,  in  which  all  the 
planets  are  considered  as  revolv- 
ing about  the  sun,  ^  their  common 
centre. 

After  the  death  of  Copernicus, 
the  science  and  practice  of  astro- 
nomy were  greatly  improved  by 
Schoner,  Nonius,  Appian,  Gemma 
Frisius,  Byrp;iiis,  &c. ;  and  about 
the  year  1561,  William  IV.  Land- 


A  S  T — A  S  T 


grave  of  Hesse-Cas!$cl,  made  a  great 
number  of  observations,  published 
\>y  Snelias  in  1618,  and  preferred 
)y  Hevelias  to  ibose  of  Tycho 
jBrahe.  From  these  observations 
he  formed  a  catalogue  of  400  stars, 
with  their  latitudes  and  lon^tndes* 
and  adapted  them  to  the  beginning 
of  the  year  1593. 

Tycho  Brahe,  a  Dane,  began  his 
observations  about  the  same  time 
with  the  Landgrave  of  Hesse,  and 
observed  the  great  conjunction  of 
Jupiter  and  Saturn:  but  finding 
the  usual  instruments  very  inaccu- 
rate, he  constructed  many  others, 
much  larger  and  more  exact.  In 
1571,  he  discovered  a  hew  star  in 
the  chair  of  Cassiopeia ;  which  in- 
duced him,  jike  Hipparchns  on  a 
similar  occasion,  to  make  a  new 
catalogue  of  the  stars ;  which  he 
composed  to  the  number  of  771, 
.and  adapted  their  places  to  the 
year  1000.  Tycho  invented  a  sys- 
tem to  account  for  the  planetary' 
motions ;  but  he  i§  more  to  be  noted 
on  account  of  his  accurate  obser- 
vations, which  tended  much  to  the 
discovery  of  the  real  nature  of  the 
planetary  orbits. 

While  Tycho  resided  at  Prague, 
with  the  eipperor,  he  prevailed  on 
Kepler  to  leave  the  University  of 
Glatz  and   to  come  to  him ;  and 
Tycho  dying  in  1001,  Kepli>r  en- 
joyed the  title  of  mathematician  to 
the  emperor ;  who  ordered  him  to 
£nish  the  tables  of  Tycho  Brahe, 
which  he  published  in  J627,  under 
the  title  of  Rodolphine.     He  died 
about  the  year  1630,  at  Ralisbon, 
where  he  was  soliciting  the  arrears 
of  his  pension.    From  his  own  ob- 
servations, and    those   of    Tycho, 
Kepler  discovered   several  of  the 
true  laws  of  nature,  by  which  the 
motions  of  the  celestial  bodies. are 
regulated.    He  discovered  that  all 
the  planets  revolve  about  the  sun, 
not  in   circular  but  in    elliptical 
orbits,  having  the  sun  in  one  of  the 
foci  of  the  ellipse;  that  their  mo- 
tions are  not  equable,  but  varying 
quicker  or  slower,  as  they  are  near 
to  the  sun,  or  farther  from   him ; 
that  tlie    areas  described  by  the 
variable  line  drawn  from  the  planet 
to  the  sun  are  equal  in  equal  times, 
and    always   proportional    to   the 
times  of  describing  them.    He  also 
59 


discovered,  by  trials,  that  the  cubes 
of  the  distances  of  the  planets  from 
the  sun  were  in  the  same  propor- 
tion as  the  squares  of  their  perio- 
dical times  of  revolution.  By  ob- 
servations also  on  comets,  he  con- 
cluded that  they  are  freely  carried 
about  among  the  orbits  of  the 
planets,  in  paths  that  are  nearly 
rectilinear;  but  which  he  could 
not  then  determine.  See  Dr.  Small  • 
on  the  discoveries  of  Kepler. 

About  this  time  much  was  done 
by  Wright,  Napier,  Bayer,  Merca- 
tor,  Maurolycus,  Magnius,  Home- 
lius,  Schulter,  Steven,  Galileo, 
Thomas  and  Leonard  Digges,  John 
Dee,  Robert  Hood,  Harriot,  &c. 

The  beginning  of  the  seventeenth 
century  was  particularly  distin- 
guished by  the  Invention  of  teles- 
copes, and  the  application  of  them 
to  the  purposes  of  astronomy. 

Hevelins,  from  his  own  curious 
observations,  furnished  a  catalogue 
of  fixed  stars,  much  more  complete 
than  Tycho's.  Huygens  and  Cas- 
sini  discovered  the  satellites  of 
Saturn  and  his  ring.  And  Gassen- 
dus,  Horrox,  Bullialdus,  Ward, 
Ricciolus,  Gascoign,  Arc.  each  con- 
tributed very  considerably  to  the 
improvement  of  astronomy. 

Newton  demonstrated,  from  phy- 
sical consideration,  the  great  luw 
that  regulates  all  the  heavenly  mo- 
tions, sets  bounds  to  the  planetary 
orbs,  determined  iheir  greatest  ex- 
cursions from  the  sun,  and  their 
nearest  approaches  to  hinu  ItiAas 
he  who  first  discovered  whence 
arose  that  constant  and  regular 
proportion,  observed  by  both  pri- 
mary and  secondary  planets,  in 
their  circulation  round  their  cen- 
tral bodies;  and  their  distances 
compared  with  their  periods.  He 
also  gave  a  new  theory  of  the 
moon,  which  accounts  for  all  her* 
inequalities  from  the  laws  of  gra- 
vity and  meclianics. 

Mr.  Flamstead  was  appointed 
the  first  a&tronomer  royal  at  Green- 
wich in  1675,  He  observed,  for 
forty-four  years,  all  the  celestial 
phenomena,  the  sun,  moon,  planets, 
and  fixed  stars ;  of  all  which  he- 
gave  an  improved  theory  and 
tables.  Cassini  also,  the  first 
French  astronomer  royal,  very 
I  much  distinguislxed  \\\ttvse\l,  iwaV- 
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ing  many  observations  on  the  snn. 
moon,  planets,  aud  comets,  and 
greatly  improved  the  elements  of 
their  motiMis.  He  also  erected 
the  gnomon,  and  drew  the  celebra^ 
ted  meridian  line  in  the  charch  of 
Petronia,  at  Bologna. 

In  17 19,  ]fr.  Flamstead  was  suc- 
ceeded by  Dr.  Hal  ley,  who  liad 
been  sent,  at  the  early  i^'of  SI, 
to  the  island  of  St.*  Helena,  to  ob- 
serve the  southern  stars,  a  cat^ 
logue  of  which  he  published  in 
1679 ;  and,  a  few  years  afterward, 
he  gave  to  the  public  his  '*  Synop- 
sis AstronomisBGometicse,"  in  which 
he  ventured  to  predict  the  retnm 
o  f  a  comet  in  1758,  or  1759.    ^e  was 
the  first  who  discovered  the  acce- 
leration of  the  moon's  mean  mo- 
tion ;  and  is  tlie  author  of  a  very 
ingenious^  method  for  finding  her 
parallaxy'by  three  observed  places 
of  a  solar  eclipse :  hn  also  showed 
the  use  that  might  be  made  of  the 
approaching  transit  of  Yenus,  in 
1761,  in  determining  the  distance 
of  the  sun  from  the  earth ;  and  re- 
eommended  the  method  of  deter- 
mining the  longitude  by  the  moon's 
distance  from  the  sun  and  certain 
fixed  stars,  which  has  since  been 
carried  into  execution  at  the  in- 
stance of  the  late  Astronomer  Roy- 
al.    Dr.    Halley   also    composed 
tables  of  the  sun,  moon,  and  pla- 
nets, with  which  he  compared  the 
observations  he  made  of  the  moon 
at  Greenwich,  amounting  to  near 
1500,  and  noticed  the  differences. 
About  this  time,  an  attempt  was 
made  in  France  to  measure  a  de- 
gree of  the  earth,  which  was  the 
occasion  of  a  warm   dispute  con- 
cerning its  figure.    M.  Cassini  con- 
cluded, from  the  measurement  of 
Picard,  that  it  was  an  oblong  sphe- 
roid ;  but  Newton,  from  a  conside- 
ration of  the  laws  of  gravity,  and 
the  dinmal  motion  of  the  earth, 
had  determined  its   figure   to   be 
that  of  an  oblate  spheroid,  flattened 
at  the  poles,  and  protuberant  at 
tlie    equator.    To    determine   this 
point,   Louis  XY.  ordered  two  de- 
grees of  the  meridian  to  be  mea^ 
sured  ;  one  under  or  near  the  equa- 
tor, and  the  other  as  near  as  pos- 
sible to  the  pole :  the  result-of  this 
arduous  undertaking  was  a  eonfiiw 
mation  of  NewtQu'a  investigaUoa. 
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It  was  found,  hy  those  who  went 
to  the  south,  that  the  attraction  of 
the  mountains  of  Peru  had  a  sen- 
sible effect  on  the  plumb-lines  of 
their  lat^  instruments,  which  af- 
forded an  experimental  proof  of 
the  Newtonian  doctrine  of  gravita- 
tion, that  has  since  beea  complete- 
ly verified  by  the  observationB  of- 
Vr.  Maskelyne,  made  on  the  okoun- 
tain  Sehehallien,  in  Scotland.  On 
the  death  of  Dr.  Halley,  in  174S,  he 
was  succeeded  by  Dr.  Bradley, 
who  has  rendered  Jiimself  celebra- 
ted bv  two  of  the  finest  diBCoveries 
that  have  ever  been  made  in  astro- 
nomy,>— the  aberration  of  light, 
and  Uie  nutation  of  the  earth's 
akis.  Among  other  things  he  also 
formed  new  and  accnraJta  tables  of 
the  motions  of  Jupiter's  satellites, 
as  well  as  the  most  correct  table 
of  refractions  yet  extant^  Also, 
with  a  large  transit  instrument,  and 
a  new  mural  Quadrant  of  eteht  feet 
radius,  constructed  by  mrd,  in 
1750  he  made  a«  immense  number 
of  observations  for  settling  the 
places  of  all  the  stars  in  the  Bri- 
tish catalogue,  t^gpether  with  near 
150  places  of  the  moon,  the  greater 

Kirt  of  which  he  compared  with 
ayer's  tables.  Dr.  Bradley  was 
succeeded  in  ITfUt,  in  his  omce  of 
astronomer  roya\,  by  Mr.  Bliss; 
but  who  died  in  ir65,  and  was  suc- 
ceeded by  Nevil  Maskeijrne,  D.  D. 
who  rendered  very  considerable 
services  to  the  science,  by  his  pub- 
lication of  the  *' Nautical  Alma- 
nac," the  "  Requisite  Tables,"  &c. ; 
and  more  particularly  by  his  great 
assiduity  and  zeal,  in  bringing  the 
lunar  method  of  determining  the 
longitude  at  sea  into  general  prac- 
tice. 

In  the  mean  time,  many  other 
eminent  mathematicians  were  as- 
siduously employed  in  endeavour- 
ing to  promote  the  science  of  as- 
tronomy. Amongst  these  may  be 
particularly  distinguished,  Clair- 
aut,  d'Alembert,  Euler,  Simpson, 
Walmsley,  Mayer,  de  la  Cailie, 
Manfredi,  Lambert,  &c. 

Such  was  the  state  of  astronomy 
when  Dr.  Herschel,  by  augment- 
ing the  powers  of  telescopes  be 
yond  the  most  sanguine  expecta- 
tions, opened  a  scene  altogether 
unlookea  fori  by  the  discovery  of 
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«  new  planet,  isth  March,  1781, 
the  Georgium  Sidut,  or  Uranus, 

On  the  1st  of  Januai-y,  1801,  ano- 
ther new  planet  was  discovered 
between  Mars  and  Jupiter,  by  M. 
Piazzi,  of  PalermOj  which  is  named 
Ceres;  and  since  this  time  three 
others  have  been  observed,  revolv- 
ing also  between  Mars  and  Jupiter, 
viz,  Pallas,  discovered  by  Dr. 
Olbers,  March  28, 1802 ;  Juno,  first 
observed  by  Mr.  Harding,  at  the 
observatory  at  Lilienthal,  near 
Bremen,  Sep.  1, 1804 ;  and  Vester, 
discovered  by  Br.  Gibers,  S9th  of 
March,  1807,  being  the  second  that 
we  owe  to  this  eminent  astrono- 
mer. Fur  the  particular  elements 
of  these  new  planets,  see  the  re- 
spective  articles  CJranus  Ckau, 
Pallas,  Juno,  and  Ybstbr. 

Hence  it  appears,  that  within 
a  few  years  the  number  of  planets 
in  our  system  have  been  nearly 
doubled,  and  many  other  impor- 
tant and  interestuig  discoveries 
have  been  made  during  the  same 
period  :  yet  it  must  be  acknow- 
fedged.that  we  are  still  unacquaint- 
ed  with  many  particulars,  and 
which  therefore  still  remain  to 
exercise  the  talents  of  modern 
astronomers.  We  have  not  yet 
determined  the  times  of  rotation, 
and  the  proper  figures  of  some  of 
the  planets  and  their  satellites; 
nor  do  we  know,  with  sufiicient 
precision,  the  masses  of  those 
bodies.  The  theory  of  their  mo- 
tions also  consists  in  a  series  of 
approximations,  of  which  the 
convergence  depends  both  upon 
the  perfection  of  the  instruments 
and  the  progress  of  analysis,  and 
which  for  that  reason  ought  to 
acquire  continually  new  degrees 
of  cx&ctncss 

ASTROSCOPE,  an  astronomical 
instrument,  composed  of  two  cones, 
on  whose  surfaces  are  exhibited 
the  stars  and  constellations,  by 
means  of  which  they  are  both 
easily  found  in  the  heavens. 

ASYMPTOTE,  a  right  line  to 
which  some  curve  continually  ap- 
proaches nearer,  in  such  sort,  that 
wlien  they  are  both  indefinitely 
produced,  they  are  nearer  together 
than  by  any  assignable  finite  dis- 
tance ;  or  it  may  otherwise  be  con- 
sidered as  a  tangent  to  the  curves 
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when  infinitely  produced,  or  at 
an  infinite  distance.  Two  curves 
are  also  said  to  be  asymptotical, 
when  they  thus  coulitiually  ap- 
proach indefinitely  to  a  coinci- 
dence :  thus  two  parabolas,  placed 
with  tiieir  axis  in  the  same  rittiu 
line,  are  assymptotes  to  eacli 
other. 

Of  lines  of  the  second  kind,  or 
curves  of  the  first  kind,  that  is, 
the  conic  sections,  only  the  hyper- 
bola has  asymptotes,  which  ate 
two  in  number.  All  curves  of  tlie 
second  kind  have  at  least  one 
asymptote,  but  they  may  have 
three;  and  all  curves  of  the  third 
kind  may  have  four  asymptotes, 
and  so  on.  The  conchoid,  cishoid, 
and  logarithmic  curve,  thougii 
not  geometrical  curves,  have  each 
one  asymptote ;  and  the  branch 
or  leg  of  the  carve  that  has  an 
asymptote,  is  said  to  be  of  the 
hyperbolic  kind. 

The  nature  of  an  asymptote  is 
very  difficult  to  be  conceived,  by 
persons  who  are  not  acquainted 
with  the  higher  geometry  :  they 
cannot  comprehend  how  two  lines 
shonld  always  continually  ap- 
proach each  other,  without  the 
possibility  of  touching  or  coincid- 
ing ;  this  mystery,  however,  may 
be  elucidated,  and  the  nature  of 
these  lines  readily  comprehended, 
by  considering  the  generation  of 
the  conchoid  of  Niconiedes.  See 
Conchoid, 

Asymptotes,  by  some  are  dis- 
tinguished into  various  oniets. 
The  asymptote  is'said  to  be  of  the 
first  order,  when  it  coincides  wiili 
the  base  of  the  curvilinear  figure  ; 
of  the  ^d  order,  when  it  is  a  rSptit 
line  parallel  to  tlie  base  ;  of  the 
3d  order,  when  it  is  a  right  line 
oblique  to  the  base ;  of  the  4ih 
order,  when  it  is  the  common  para- 
bola, having  its  axis  perpendiculat' 
to  the  base  ;  and,  in  general,  of  the 
n  +  2  order,  when  it  is  a  parabola 
whose  ordinate  is  always  as  ihe  n 
power  of  the  base.  The  asymptote 
is  oblique  to  the  base,  when  the 
ratio  of  the  first  fluxion  of  the  ordi- 
nate  to  the  fluxion  of  the  base,  ap- 
proaches to  an  assignable  ratio,  as 
its  limit ;  but  it  is  parallel  to  the 
base,  or  coincides  with  it,  when 
this  limit  is  not  asaiguabYe. 
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The  areas  bounded  by  cnrves 
and  their  asymptotes,  thougli  in- 
definitely extended,  have  some- 
times limits  to  which  they  may 
approach  indefinitely  near:  and 
this  happens  in  hyperbolas  of  all 
kinds,  except  the  first  or  Apollo- 
nian, and  in  the  logarithmic  carve. 
But  in  the  common  hyperbola,  and 
many  other  car\'es,  the  asymp- 
totical area  has  no  such  limit,  bat 
is  infinitely  great.  Solids,  too, 
generated  by  hyperbolic  areas,  re- 
volving about  their  asymptotes, 
have  sometimes  their  limits;  and 
sometimes  they  may  be  produced 
till  they  exceed  and  given^  solid. 
Also  the  surface  of  such  solid,  when 
supposed  to  be  infinitely  produced, 
is  either  finite  or  infinite,  accord- 
ing as  the  area  of  the  generating 
figure  is  finite  or  infinite. 

The  way  of  discovering  whether 
any  proposed  carves  have  asymp- 
totes, and  the  manner  of  drawing 
them  when  they  are  inclined  to 
the  axis,  may  be  easily  derived 
from  the  method  of  tangents. 

ATMOSPHERE,  that  gaseoas  or 
aeriform  flnid  which  every  where 
invests  the  surface  of  the  terraque- 
ous globe ;  and  partakes  of  all  its 
motions,  both  annual  and  diurnal. 
We  have  already  considered  the 
mechanical  properties  of  this  fluid, 
under  the  article  Air  ;  and  it  there- 
fore only  remains  to  treat  of  it  as 
forming  one  body,  viz.  its  figure, 
pressure,  altitude,  &c. 

Figure  of  the  Atmosphere. — As 
the  uLmospTiere  envelopes  all  parts 
of  the  surface  of  the  earth,  if  both 
the  one  and  the  other  were  per- 
fectly at  rest,  and  wee  not  en- 
dowcd  M'ith  adiiinuil  niot:on  round 
their  axis,  the  atmosphere  would 
be  exactly  spherical,  according  to 
the  universal  laws  of  gravity  ;  for 
the  parts  of  the  surface  of  a  fluid 
ill  a  state  of  rest,  must  be  equally 
remote  from  its  centre.  But  the 
earth  and  the  ambient  atmosphere 
are  invested  with  a  diurnal  motion, 
which  carries  them  round  their 
common  axis  of  rotation  :  and  the 
difi'erent  parts  of  both  having  a 
centrifugal  force,  the  tendency  of 
which  is  more  considerable,  and 
tiiat  nf  tii»  centripetal  force  less, 
-  are  more  remote  from 
Ad,  consequently,  the, 


figure  of  the  atmosphere  must  be- 
come that  of  an  oblate  spheroid, 
because  the  parts  that  correspond 
to  the  equator  have  a  greater  cen- 
trifugal force  than  the  parts  which 
correspond  to  the  poles.    Besides, 
the  figure  of  the  atmosphere  must 
represent  such  a  spheroid,  in  con- 
sequence of  the  sun  striking  the 
equatorial   regions   more  directly 
than  those  about  the  poles':  whence 
it  follows,  that  the  mass  of  air,  or 
part  of  the  atmosphere,  about  the 
polar  regions,  being  less  heated, 
cannot  expand  so  much,  nor  reach 
so  high  ;  nevertheless,  as  the  same 
force  which  contributes  to  elevate 
air,  diminishes  the  pressure  on  the 
surface  of  the  earth,   higher  co- 
lumns of  it  at  or  near  the  equator, 
all  other  circamstances  being  the 
same,  will    not  be  heavier  than 
those  of  the  lower  belonging  to  the 
poles ;  bat,  on  the  contrary,  with- 
out some  compensation  they  would 
be  lighter,  in  consequence  of  the 
diminished  gravity  of  the  upper 
strata. 

Wei^  or  Prestwre  of  the  Atmos* 
]»A«re.~Tonricelli  found  that  the 
pressure  of  the  atmosphere  sustains 
a  column  of  quicksilver,  of  an 
equal  base  and  39  inches  height ; 
and  as  a  cubical  inch  of  quicksil- 
ver is  found  to  weigh  near  half  a 
pound  avoirdupoise,  therefore  the 
whole  30  inches,  or  the  weight  of 
the  atmosphere  on  every  square 
inch,  is  nearly  equal  to  151b.  Again, 
it  has  been  fonnd  that  the  pressure 
of  the  atmosphere  balances,  in  the 
case  of  pumps,  &c.  a  column  of 
water  of  about  344  feet  hi«rh;  and, 
the  cubical  foot  of  watvr  weighing 
just  1000  ounces,  or  6241b.  34i  liiucs 
C23,  or  215Slb.  will  be  the  weight 
of  the  columo  of  water,  or  of  thi* 
atmosphere  on  a  base  of  a  square- 
foot;  and,  consequently,  the  144t't 
part  of  this,  or  151b.  is  the  weight 
ot  the  atmosphere  on  a  fquarc 
inch ;  the  same  as  before.  Hence 
the  pressure  of  this  ambient  Huui 
on  the  whole  surface  of  the  euilh, 
is  equivalent  to  that  of  a  i^Iobe  of 
lead  of  60  miles  in  diameter.  And 
hence  also  it  appears,  that  the 
pressure  upon  the  human  body 
must  he  very  considerable;  for. 
admitting  the  surface  oi  a  man'.'< 
body  to   ba  about  15  square  feel, 
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of  i»  natnre.  It  is  reasonable  to  fix 
the  boundary  of  the  atmosphere 
where  it  begins  to  have  the  effect 
f)t  beiuhng  the  rays  of  light.  Mow 
Kepler,  and  after  hun  La  Hire, 
colli  puled  the  height  of  the  sensi- 
ble iitinobphcre  from  the  duration 
of  the  twilight, and  from  the  mag. 
iiitude  of  the  terrestrial  shadow  iu 
lunar  eclipses,  and  found  that  it 
was  sutficiently  dense  at  a  height 
of  between  40  and  50  miles,  to  re- 
flect and  intercept  the  light  of  Ihe 
sun.  So  far,  therefore,  we  may 
be  certain  that  the  atmosphere  ex- 
tends ;  and  at  that  altitude  we 
may  collect,  from  what  has  been 
already  said,  that  the  air  is  more 
than  10,000  times  rarer  than  at  the 
earth's  surface;  but  how  much 
farther  it  may  be  extended^  is 
totally  unknown. 

Refractive  and  Reflective  Pou-ert 
of  the  Atmosphere. — The  atmo- 
sphere has  a  refractive  power, 
which  is  the  cause  of  various  phe- 
nomena. This  power  is  ascertain- 
ed by  the  production  of  twilight, 
and  by  many  other  facts  and  ex- 
periments. It  has  also  a  reflective 
}K)wer,  and  this  power  is  the  cause 
of  objects  being  so  uniformly  en- 
lightened on  all  sides.  Were  it 
not  for  this,  the  shadows  of  objects 
Avould  be  so  dark,  and  their  en- 
lightened sides  so  very  bright,  that 
inobably  we  should  only  be  able 
to  see  those  parts  of  them  which 
were  absolutely  exposed  to  the 
sun's  rays,  if  indeed  the  extreme 
light  in  this  case  did  not  even 
render  them  too  powerful  for  the 
delicacy  of  the  optic  nerve. 

Tempvrature  of  the  Atmosphere*'^ 
The  temperature  of  the  atmo- 
^phele  diminishes,  as  the  distance 
from  the  earth  increases,  though 
ap))arently  in  a  less  ratio.  M.  de 
Saussure  found,  that  by  ascending 
from  Geneva  to  Chamouni,  a 
height  of  347  toises,  Reaumcr's 
llierin<mieter  fell  4''y;  ahd  that, 
on  ascending  from  thence  to  the 
top  of  Mont  Blanc,  19^1  toises,  it 
fellWT/:  this  gives  221  feet  En- 
filish  for  a  diminution  of  V  of  Fah- 
renheit, in  the  first  case,  and  2C8 
in  the  second.  Nevertheless,  from 
the  accuracy  which  the  rule  for 
baioineitcal  measurement  pos- 
04 


sesses,  it  n^y  be  Inferred,  that  the 
decrease  of  heat  for  the  fprattsc 
heights  which  we  can  reach,  is 
not  far  from  uniform ;  but  that  the 
rate  for  any  )^articttlar  case  must 
be  determined  by  obser%'atiun, 
though  tlie  average  in  our  climate 
may  be  sUted  at  1**  for  270  feet  of 
perpendicular  ascent. 

Professor  Leslie  has  given  a 
formala  for  determining  the  tem- 
perature of  any  stratum  of  air 
when  the  height  of  the  mercury 
in  the  barometer  Is  given.  The 
column  of  mercury  at  the  lower  of 
two  sUtions  being  d,  and  at  the 
Upper  Q,  and   the    dimination  of 

heat,  in  degrees  of  the  centigrade 
thermometer, is  2.«i  j  "" T  )»^l»»c^ 

seems  to  agree  well  with  observa- 
tion. 

The  mean  temperature  of  the 
atmosphere  in  any  parallel  of  lati- 
tude remains  nearly  constant,  bat 
it  decreases  from  the  equator  to 
either  pole ;  and  if  f  be  made  to 
represent  the  mean  temperature 
of  any  parallel  of  which  the  lati- 
tude is  L,  M  the  mean  temperainre 
in  the  latitude  of  ASP^  aiidM  -f  E 
the  mean  temperature  at  tlie  equa- 
tor; then  is 

r  =  M-f  E.C08.S  L; 
whence  the  mean  temperatnre  in 
any  latitude  is  readily  ascertained. 
The  mean  temperature  in  latitude 
45*'  is  58**  =  M,  at  the  equator  iUis 
85%  whence  85*— 58*  =  ST*  =  E ; 
therefore  *  =  58"  -|-  2r»  X  cos. «  L, 
which,  when  8  L  >  90,  the  cosine 
being  negative,  is  less  than  58*. 
But  if  the  place  is  at  any  height 
above  the  surface,  then  the  lor- 
muia  becomes 

<  =  M--^+E.cos.2L; 

M  and  E  being  still  the  same  as 
above,  and  H  the  height  of  the 
place  in  English  feet. 

On  ascending  into  the  atmos- 
phere, at  a  certain  height  in 
ever>'  latitude  a  point  is  found 
where  it  always  freezes,  or  where  it 
freezes  more  than  it  thaws,  so  Uiat 
the  mean  temperature  does  not 
exceed  32%  and  the  curve  joiniug 
or  passing  tliiough  all  tliose  pouiis 
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is  railed  the  curve  of  perpetual 
congelation^  The  equalion  to  which 
is  found  by  making 

H. 

32=  M HE.co8.2L, 

n 
and  this  line,  at  the  eqnator,    is 
elevated     15577    feet   above    the 
level  of  the  sea. 

H 

Whence  .  n  =  ^  .  cos.  2  L+ M-32 
^_15577 

2r  +  58— 3-i 
and   conseq.  H  =  7642  +  7933 .  cos. 
2  L.    Which    formula    seems     to 
agree  very  nearly  with  actual  ob- 
servation. 

See  Playfair's  •'  Outlines  of  Na- 
tural Phil."  p.  285  ;  see  also  a  dif- 
ferent ibrmula  for  expressing  the 
line  of  perpetual  congelation,  Les- 
lie, "  Elements  of  Geometry,"  2d 
edition,  p.  495. 

Atmosphkse  of  ihe  Planets, — 
Since  the  planets  and  their  satel> 
lites  are  allowed  to  be  bodies  of  a 
nature  similar  to  the  earth  we  in- 
habit, there  are  few  who  attempt 
CO  deny  that  the  planets  are  sur- 
rounded  with  atmospheres  analo- 
gc»as,  in  most  respects,  to  that 
whose  properties  have  been  exp 
plained  in  the  preceding  articles. 
These  atmospheres  are  flattened 
towards  the  poles,  and  proiuberant 
at  the  equator.  But  this  nblate- 
ness  has  its  limits ;  and  in  the  case 
where  it  is  greatest,  the  ratio  of 
the  polar  and  equatorial  diameter 
is  as  2  to  3.  The  atmosphere  can- 
not extend  itself  at  the  equator  lo 
a  greater  distance  than  to  the 
place  where  the  centrifugal  force 
is  exactly  equal  to  the  force  of 
gravity.  With  regard  to  the  sun, 
this  point  is  remote  from  its  centre 
to  a  distance  measuring  the  radius 
of  the  orbit  of  a  planet  which 
would  make  its  revolution  in  the 
same  period  as  that  luminary  em- 
ploys in  its  rotation.  The  solar 
atmosphere  cannot,  therefore,  ex- 
tend to  the  orbit  of  Mercury  ;  and 
consequently  itcannot  produce  the 
xodiacal  light,  which  appears  to 
extend  even  lo  the  orbit  of  the 
earth. 

ATMOSPHERIC  Tides^  are  cer- 
tain periodical  changes  in  the 
atmosphere,  similar,  in  some  re- 
spect<(,  to  those  of  Uie  ooeao,  and 


produced  in  a  great  meftsure  by 
the  same  causes. 

ATOM,  A  particle  of  matter  in- 
divisible, on  account  of  solidity, 
hardness,  and  impenetrability, 
which  preclude  all  division,  and 
leave  no  vacancy  for  the  admis- 
sion of  any  foreign  force  to  sepa- 
rate or  disunite  its  parts. 

ATOMICAL  Philosophy,  is  the 
doctrine  of  Atoms ;  a  system  which 
accounts  for  the  origin  and  forma- 
tion of  things  from  the  hypothesis, 
that  atoms  are  endowed  with 
weipiht  and  motion. 

ATTRACTION,  in  Physics,  a  ge- 
neral term  used  to  denote  the 
cause,  power,  or  principle,  real  or 
imaginary,  by  which  all  bodies 
mutually  teud  towards  each  other, 
and  cohere,  till  separated  by  some 
other  power.  The  laws,  pheno- 
mena, &c.  of  attraction,  form  the 
chief  subject  of  Newtonian  philo- 
sophy, these  being  found  to  obtain 
in  almost  all  the  wonderful  opera- 
tions of  nature. 

The  principle  of  attraction,  in 
the  Newtonian  sense  of  it,  was 
first  hinted  at  by  Copernicus. 
Kepler  calls  gravity  a  corporeal 
and  mutual  affection  between  si- 
milar bodies,  in  order  to  their 
union.  And  he  pronounced  more 
positively,  that  no  bodies  what- 
ever were  absolutely  light,  but 
only  relatively  so;  and,  conse- 
quently, that  all  matter  was  sub- 
jected to  the  power  and  law  of 
gravitation. 

The  first  who,  in  this  country, 
adopted  the  notion  of  attraction, 
was  Dr.  Gilbert,  in  his  book  De 
Magnete ;  and  the  next  was  the 
celebrated  Lord  Bacon.  In  France 
it  was  received  by  Fermat  and 
Roberval ;  and  in  Italy,  by  Galileo 
and  Borelli.  But  till  Newton  ap- 
peared, this  principle  was  very 
imperfectly  defined  and  applied. 

Before  Newton,  no  one  had  en- 
tertained such  correct  and  clear 
notions  of  the  doctrine  of  univer- 
sal attraction  as  Dr.  Hooke,  who 
observes,  that  the  hypothesis  upon 
which  he  explains  the  system  of 
the  world  is  founded  upon  the 
three  following  principles :  1.  That 
all  the  celestial  bodies  have  not 
only  an  attraction  or  gravitation 
towards  their  vco^^t  cci\\xe,&,  \»w\ 
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tli.it  tliey  mutually  attract  each 
(Hher  within  their  sphere  of  acti- 
vity, i.  That  all  bbdies  which 
liave  a  simple  and  direct  motion, 
continue  to  move  in  a  right  line, 
if  some  force,  which  operates 
without  ceasing,  does  not  constrain 
them  to  descnbe  a  circle,  an  el- 
lipse, or  some  other  more  compli- 
cated curve.  3.  That  attraction  is 
so  much  the  more  powerful,  as  the 
attracting  bodies  are  nearer  to 
each  other.  But  Hooke  was  not 
able  to  solve  the  general  problem 
relative  to  the  law  of  attraction, 
which  would  occasion  a  body  to 
describe  an  ellipse  round  another 
quiescent  body  placed  in  one  of 
its  foci ;  this  discovery  being  re- 
served for  Newton, 

Attraction  majr  be  considered  as 
it  regards  celestial  bodies,  terres- 
trial bodies,  and  the  minuter  par- 
tides  of  bodies.  The  first  case  is 
usually  denoted  by  the  word  at- 
traction, or  universiil  gravitation, 
the  second  by  gravitation,  and 
the  third  by  the  words  affinity, 
chemical  attraction,  or  molecular 
attraction.  Many  philosophers  are 
now  of  opinion,  that  it  is  the  same 
force  contemplated  under  different 
Mspects,  yet  constantly  subject  to 
the  same  law. 

At  a  finite  distance,  all  the  bo- 
dies in  nature  are  said  to  attract 
one  another  in  the  direct  ratio  of 
the  masses,  and  the  inverse  ratio 
of  the  square  of  the  distance. 

According  to  a  law  of  Kepler, 
deduced  from  observation,  the 
radii  vcctores  of  planets  and  co- 
mets describe  about  the  sun  areas 
proportional  to  the  times;  but  this 
law  can  only  have  place  so  long 
as  the  force  whicn  incessantly 
deflects  each  of  these  bodies  from 
the  right,  line  is  constantiy  direct- 
ed towards  a  fixed  point,  which  is 
the  origin  of  the  radii  vectores. 
Tlie  tendency,  therefore^  of  the 
planets  and  comets  towards  the 
sun,  follows  necessarily,  from  the 
proportionality  of  the  areas  de- 
scribed by  the  radii  vectores  to 
the  times  of  description:  this  ten- 
dcsjcy  is  reciprocal.  It  is,  in  fact, 
a  General  lawof  nature,  that  action 
and  re-action  are  equal  and  con- 
trary :  whence  it  results,  that  the 
planets  and  comets  re-art  ujion  the 


snn,  and  commanlcato  to  it  a  ten 
dency  towards  each  of  them. 

The  satellites. of  Uranus  tend  to- 
wards Uranus,  and  Uranus  towards 
his  satellites  :  the  satellites  of  Sa- 
turn tend  towards  Saturn,  and  Sa- 
turn towards  them.  The  case  is  the 
same  with  regard  to  Jupiter  and 
his  satellites.  The  earth  and  moon 
tend  likewise  reciprocally  the  one 
towards  the  other.  The  propor- 
tionality of  the  areas  described  by 
the  satellites  to  the  times  of  de- 
scription, concur  with  the  equality 
of  action  and  re-action,  to  i-ender 
these  assertions  unequivocal. 

All  the  satellites  have  a  tenden- 
cy towards  the  snn ;  for  they  are 
all  animated  by  a  regular  motion 
about  their  respective  planets,  as 
if  they  had  been  immoveable ; 
whence  it  results  that  the  satellites 
are  impelled  with  a  motion  com- 
mon also  to  their  planets ;  that  is 
to  say,  that  the  same  force  by 
which  the  planets  tend  incessantly 
towards  the  sun,  acts  also  upon  die 
satellites,  and  that  they  are  car- 
ried towards  the  sun  with  the  sapie 
velocity  as  the  planets.  And  since 
the  satellites  tend  towards  the  sun, 
it  follows  that  the  snn  tends  to- 
wards them,  because  of  the  equa- 
lity of  action  and  re-action. 

Observations  have  convinced  us 
that  Saturn  deviates  a  little  from 
his  path  when  he  is  near  Jupiter  ; 
whence  it  follows,  that  Saturn  and 
Jupiter  tend  reciprocally  the  one 
towards  the  other. 

It  therefore  appears,  that  all  the 
heavenly  bodies  tend  reciprocally 
towards  one  another :  but  this  ten- 
dency, or  rather  the  attractive 
force  which  occasions  it,  apper- 
tains not  solely  to  their  aggregate 
mass  ;  all  their  uoleculae  partake 
of  it,  or  contribute  to  it.  If  the  sun 
acted  exclusively  upon  the  centre 
of  the  earth,  without  attracting 
each  of  its  particles,  the  undula- 
tions of  the  ocean  would  be  incoih- 
parably  greater,  and  very  differ- 
ent fnmi  those  which  are  daily 
presented  to  our  view.  The  ten. 
dency  of  the  earth  towards  the 
sun  is,  therefore,  the  result  of  the 
sum  of  the  attractions  exerted  up- 
on all  the  moleculae,  which  conse- 
quently attract  the  sun  in  the  ra<« 
tio    of   their    respective    masses; 
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time.  For  that  space  is  a  tliird 
iuoporLional  to  the  diameter  of  the 
inuoii's  orbit,  and  tlie  arc  described 
in  the  same  lime.  And  235389600 
(ilie  diameter  of  the  moon's  orbit 
ill  l».ins  feet)  is  to  188489  (the  arc 
<l(scribed  iu  a  minuie,)  as  188489  is 
i'>  1.''^^.  Thus  the  moiion  agrees  in 
qiuiuLity  as  well  as  in  direction, 
with  the  legitimate  inferences 
tVnin  tlie  motions  of  projectiles 
i\cnv  tlie  cartti.  And  these  pheno- 
iDtrna  are  so  perfectly  coincident 
r.i\d  similar,  that  iliey  must  he 
:ofeircd  to  the  same  principles, 
iKuncly,  a  projectile  force  and  a 
{/ravitaling  force  varying  inversely 
us  llie  squares  of  the  distances. 

Atihaction  of  Mountains. — Ac- 
cording to  the  Newtonian  theory 
of  attraction,  this    principle  per- 
vades   the    minutest    particles    of 
matter,  and    the  combined  a  "stion 
of  all  the  parts  of  the  earth  fo.-ms 
llif  atli actions  of  the  whole.     For 
the  paine  reason,  therefore,  that  a 
heavy  body  tends  downwards  in  a 
per|)endicnlar  to  the  earth's  sur- 
face, it  must  be  attracted  towards 
the  centre  of  a  neighbouring  moun- 
tain by  a  force  greater  or  less,  ac- 
cording  to  the  quantity  of  matter 
contained  in  it;  and  the  effect  of 
lljis  attraction,  or  the  acct-ierutive 
force  produced  by  it,  must  depend 
on   tlie   distance  of  the   mountaui 
fronj  the  gravitating  body,  because 
this  force  increases  as  »he  squares 
of  the  distances   decrease.     Upon 
these  principles,  it  is  obvious  that 
the   plumb  of   a  quadrant,   or  of 
any  other  astronomical  instrument, 
must  be  deflected  from  its  proper 
situation,  by  a  small  quantity,  to- 
wards the  mountain;   and   the  aiy- 
parent   altitudes   and   zenith    dis- 
tances of  the  stars,  taken  with  the 
instrument,   be  altered  according- 
ly ;  viz.  if  the  zenith  distance  of  a 
star  were  observed  at  two  stations, 
under  the  same  meridian,  one  on 
the  south  side  of  a  mountain,  the 
other  on  the  north  ;  and  the  plumb- 
line    of  tlie   instrument  were   at- 
tracted out  of  its  vertical  position 
by  the  mountain,  the  star  must  ap- 
pear too  much  to  the  north,  by  the 
observation    at  the   southern    sta- 
tion, and  too  much   to  the  south, 
by  that  at   the  noithem  station ; 
and,  consequentlv,  the  difference 
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of  the  latitudes  of  the  two  statfons 
resulting  from  the  observations, 
would  be  greater  than  it  really  is. 
If,  then,  the  true  difference  of 
their  latitudes  be  determined  by 
measuring  the  distance  between 
the  twp  stations  on  the  ground,  the 
excess  of  the  difference,  found  by 
the  observations  of  the  star  above 
that  found  by  this  measurement, 
must  have  been  produced  by  the 
attraction  of  the  mountain  ;  and 
the  half  of  it  will  be  the  effect  of 
such  attraction  on  the  plumb-line 
at  each  observation,  provided  that 
the  mountain  attracts  equally  on 
both  sides. 

The  first  idea  for  determining  the 
quantity  of  this  attraction  was  sug- 
gested by  Newton,  in  his  treatise 
of  the  System  of  the  World  ;  but 
no  farther  notice  was  taken  of  it 
till  M.  Buugner  and  M.  de  la  Con. 
daniine,  in  the  year  1738,  while 
they  were  employed  in  measuring 
three  degrees  of  the  meridian, 
near  Quito  in  Pei  u,  thought  they 
perceived  a  deduction  of  their 
plumb-line  from  the  efl'ect  of  the 
attraction  of  Chimboraco,  a  moun- 
tain in  that  neighbourhood,  which 
by  a  rough  computation  they  sup- 
posed to  be  equal  to  about  the 
2000th  part  of  the  attraction  of  the 
whole  earth. 

Nothing  was  afterwards  done,  till 
Dr.  Maskelyn  made   a  proposal  to 
the  Royal  Society  for  this  purpose, 
in  the  year  1772;   and.  In   1774,  he 
was  de(>uied  to  make  the  trial,  ac- 
com|)anied  with  proper  assistants, 
and  furnished  with  tue  most  accu- 
rate instruments.    For  the  scene  of 
his  observations,  he  made  choice 
of  the  mountain    Schehallien,  in 
Scotland,  the  direction  of  which  is 
nearly  from  east  to  west ;  its  mean 
height  above  the  surrounding  val- 
ley about  2000.  feet,  and  its  highest 
part  above   the   level  of   tlie  sea 
3550  feet.    Two  stations  for  obser* 
vations  were  selected,  one  on  the 
north  and  the  other  on  the  south 
side  of  the  mountain.    Every  cir- 
cumstance  that  could  contribute  to 
the  accuracy  of  the   experimeDt 
was  regarded  ;  and  from  the  obser- 
vation of  ten  stars  near  the  zenith, 
it  was  found  that  the  apparent  dif* 
ference  of  the  altitudes  of  the  two 
stations  was  ^  t"\  and  from  a 
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measnremeot  by  triangles,  formed 
from  two  bases  on  different  sides 
of  the  mountain. 

Tiiese  data  seemed  to  offer  the 
means  of  determining  the  mean 
density  of  the  earth;  but  the  calcu- 
lation necessarily  required  great 
accuracy,  as  well  as  immense 
labour.  The  task,  however,  was 
undertaken  by  Br.  Hutton,  who 
gave  an  account  of  it,  and  the  re* 
suit  of  his  investigation,  in  the 
Phil.  Trans,  as  also  in  his  Tracts 
lately  published,  from  which  it 
appears,  that  the  mean  density  of 
the  earth  is  to  that  of  common 
water  in  about  the  ratio  of  5  to  1* 

Sir  Richard  Phillips  (Essays, p.  8. 
et  seq.)  treats  the  doctrine  of  at- 
traction as  a  mere  assumption ;  and 
he  sums  tip  the  objections  which 
may  be  urged  against  it  in  these 
words ; 

1.  "  That  matter  is  not  itself  an 
agent,  or  source  of  power. 

2.  "  That  it  has  no  consciousness 
of  any  distant  matter  to  be  moved 
or  attracted. 

3.  *'  That  it  has  no  means  of 
knowing  the  relative  quantity^  and 
of  moving  accordingly. 

4.  "  Tliat  the  direction  of  motion 
in  bodies  said  to  attract  one  ano- 
ther, is  from  their  further,  remote, 
or  opposite  sides;  consequently, 
each  is  assumed  to  receive  a  mu- 
tual impulse  from  parts  in  which 
neither  are  situated. 

5.  **  That,  titrough  a  vacuum,  no 
obligation  of  equal  mechanical  mo- 
menta, in  a  system  of  bodies  exists, 
such  as  we  discover  to  be  the  fact 
in  nature. 

6.  "  That  the  sun»  planets,  and 
ratellites,  do  not  fall  together,  as 
the  sy.^teni  re<iuires. 

7.  "  Tliat,  for  the  first  four  rea- 
sons, bodies  do  not  attract  or  repel 
one  another  in  any  other  branch  of 
pliilosopby,  more  than  in  physics." 

Centre    of    ATtRiCTioN.     See 

ATrRITjON,  the  striking  or  rul>- 
bing  of  bodies  against  each  other. 

AT  WOOD'S  Machine,  a  very  in- 
genious ap|)aratus  invented  by  the 
late  Mr.  Atwood,  of  Trinity  College, 
Cambridge,  to  illustrate  the  doc- 
trine of  accelerated  motion. 

AVOIRDUPOISE  Weight^si 

weight  used  in  England  for  weigh' , 

etf 


ing  all  the  larger  and  coarser  sorts 
of  goods:   and  all  metals,  except 
gold    and    silver.      Avoirdupoise 
weight  is  thus  divided  : 
1&  dr.  or  drams,  1  ounce    •    .  oz. 

16  oz 1  pound    .     .lb. 

28  lb 1  quarter.    .  qr. 

4  qrs.  •  •  •  1  fmn.  weght  cwt. 
20  cwt.     •    •    •  1  ton. 

The  avoirdupoise  is  less  than  the 
troy  ounce,  in  the  proportion  of 
700  to  768;  but  the  avoirdupoise 
pound  is  greater  than  the  troy 
pound,  in  Uie  proportion  of  700  to 
576 ;  viz, 

700OX.  troy  =  766oT.  avoirdupoise. 
JOOlbs.  troy  =  STdibt,  avoirdupoise. 

AURORA,  the  morning  twilight, 
or  that  faint  li^ht  which  appears  in 
the  morning  when  the  sun  is  within 
eighteen  degrees  of  the  horizon. 
It  is  produced  by  the  refractive 
power  of  the  atmosphere. 

Adhora  Borealis, or  VovLTBMnn 
Light,  sometimes  also  called 
streamers,  is  an  extraordinary 
meteor,  or  luminous  appearance, 
showing  itself  in  the  night-time  in 
the  northern  parts  of  the  heavens, 
and  most  commonly  in  frosty  wea- 
ther. 

It  Is  usually  of  a  reddish  colour 
inclining  to  yellow,  and  sends  out 
frequent  corruscattons  of  pale  light, 
which  seem  to  arise  from  the  hori- 
zon in  pyramidal  undulating  forms, 
and  shoots  with  great  velocity  np 
to  the  zenith. 

AUSTRAL,  the  same  as  southern, 

AUrOMATON,  a  seemingly  self, 
moving  machine ;  or  one  so  con- 
structed, by  means  of  weights, 
levers,  pulleys,  springs,  dec.  as  to 
move  fur  a  considerable  time  as  if 
it  were  endued  with  animal  life. 
And  according  to  this  description, 
clocks,  watches,  and  all  machines 
of  that  kind,  areanlomata. 

AUTUMN,  the  third  season  of 
the  year :  this  begins  at  the  descend- 
ing equinox,  which,  in  the  northern 
iieniisphere,is  when  the  sun  enters 
the  sign  Libra,  about  the  twenty- 
second  of  August,  and  ends  about 
the  same  day  in  December. 

AUTUMNAL,  something  relating 
to  autumn. 

Auto  UNA  ii  Equinox,  the  time 
when  the  sun  enters  the  descend, 
ing  point  of  the  ecliptic  wh«t«  \t. 
crosses  the  equtuocf^ai* 
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Autumnal  Point,  the  point  of 
the  ecliptic  answering  to  the  autum- 
nal equinox. 

AuTi'MNAL  Signs,  are  the  signs 
Libra,  Scorpio,  Sagittary,  through 
-which  the  sun  passes  duiing  the 
autuitin. 

AXIOM,  a  self-evident  truth,  or 
a  proposition,  the  truth  of  which  is 
peiceived  at  lirtit  sight.  It  is  also 
an  eisiahlisheU  principle  in  some 
science.  Tttu»,  it  is  an  axiom  in 
geometry  that  things  whicli  are 
equal  to  the  same  thing,  are  equal 
to  each  other;  that  if  to  equal 
things,  equal  things  be  added,  the 
wholes  will  be  equal,  &c. 

AXIS,  in  Astronomy,  an  imagi- 
jiary  right  line,  supposed  to  pass 
through  the  earth,  6un,  planets,  sa- 
tellites, &c.  and  about  which  they 
perform  their  respective  diurnal 
rotations. 

The  earth  and  planets,  in  their 
progress  through  the  annual  orbit, 
jnove  in  such  a  manner  that  the 
axis  of  each  always  keeps  parallel 
to  itself,  or  points  lo  the  same  parts 
of  the  heavens. 

The  axis  of  the  earth  is  inclined 
to  the  ecliptic,  in  an  angle  of  nearly 
664°,  <^  position  which  is  well  adapt- 
ed for  promoting  the  fertility  of 
the  earth  and  rendering  it  habit* 
able. 

Axis  of  the  Horizon,  Equator, 
&c.  is  a  right  line  draw^i  tiirough 
the  centre  of  the  respective  circle, 
perpendicular  to  its  plane. 

Axis,  in  Geometry,  the  straight 
line  in  a  plane  figure,  about  which 
it  revolves,  to  produce  or  generate 
a  solid. 

Axis  is  yet  more  generally  used 
for  a  right  line  conceived  to  be 
diawn  from  the  vertex  of  a  figure 
lo  the  middle  of  the  b^se.    So  the 

Axis  of  a  Circle  or  tSphcre,  is  any 
line  drawn  through  the  centre,  and 
teriiiiiiated  at  the  circumference, 
on  both  sides. 

Axis  of  a  Cone,  is  the  line  from 
the  vertex  to  the  centre  of  the  lase. 

Axis  of  a  Cylinder,  is  the  line 
from  ihe  centre  of  the  one  end  to 
liiat  of  the  other. 

Axis  of  a  Conic  Section*  See 
Conic  Section. 

Transverse  Axis,  in  the  ellipse 
and  hyperbola,  is  the  diameter  pas- 
sing til  rough  the  two  foci,  and  the 
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two  principal  veiticesof  the  figure. 
In  the  hyperbola  it  is  the  shi>riest 
diameter,  but  iu  the  ellipse  it  is 
the  longest. 

Conjugate  Axis,  or  Second  Axis, 
in  the  ellipse  and  hyperbola,  w  the 
diameter  itassin^  through  the  cen- 
tre, and  perpendicular  to  the  trans- 
verse axis.  It  is  the  shortest  of  all 
the  conjugate  diameters. 

Axis  of  a  Curve  Line,  is  still 
more  generally  used  for  that  dia- 
meter which  has  its  ordinates  at 
right  angles  to  it,  when  that  posi- 
tion is  possible. 

Axis,  in  Mechanics,  a  certain 
line  about  which  a  body  may  turn. 
Axis  are  of  various  kinds ;  as 

Axis  of  a  Balance,  the  Una  upon 
which  it  moves  or  turns. 

Axis  oi  Rotation,  the  line  about 
which  a  body  really  revolves,  when 
it  is  put  into  motion.  The  impulse 
given  to  a  homogeneous  spheie,  in 
a  direction  which  does  not  pass 
through  its  centre,  will  cause  it  to 
revolve  constantly  round  the  dia- 
meter, which  is  perpendicular  to 
a  plane  passing  through  its  centre, 
and  the  line  of  direction  of  the  im- 
pressed force.  New  forces  acting 
on  all  its  pans,  and  of  which  the 
result  passes  through  ils  centre, 
will  not  change  the  parallelism  of 
its  axis  of  rotation.  Thus  it  is  that 
the  axis  of  the  earth  remains  al- 
ways nearly  parallel  to  itself  in  its 
revolution  round  the  sun,  without 
its  bein^  necessary  to  snppose,  with 
Copernicus,  an  annual  motion  of 
the  poles  of  the  earth  round  those 
of  the  ecliptic. 

If  the  body  possess  a  certain 
figure,  its  axis  of  rotation  may 
change  every  instant.  The  deter- 
mination of  these  changes,  what- 
ever may  be  the  forces  acting  on 
the  bodies,  is  one  of  the  most  inte- 
resting problems  of  mechanics  re- 
specting hard  bodies,  on  account 
of  its  connection  with  the  preces- 
sion of  the  equinoxes,  and  the 
iibration  of  the  moon.  The  sola- 
lion  of  this  problem  has  led  to  a 
curious  and  very  useful  result; 
namely,  that  in  all  bodies  there 
exist  three  axes  perpendicnlar  to 
each  other,  round  which  the  body 
may  turn  uniformly  when  not  so- 
licited by  external  forces.  On 
this  account  these  axes  are  pro* 
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perly  called  principal, axes  of  rota- 
tion. 

Axis  of  Oscillation,  is  aline  paral- 
lel to  the  horizon,  passing  through 
the  centre,  aboat  which  a  pendu- 
lum vibrates,  and  perpendicular  to 
the  plane  in  which  it  oscillates. 

Axis  in  PeritrochlOf  one  of  the 
five  mechanical  powers,  consisting 
of  a  peritrochium  or  wheel,  and 
moveable  together  with  it  about 
its  axis.  The  power  is  applied  at 
the  circumference  of  the  wheel, 
and  the  weight  is  raised  by  a  rope 
that  is  gathered  up  on  the  axis 
while  the  machine  turns  round. 
The  power  may  be  conoeired  as 
applied  at  the  extremity  of  the  arm 
of  a  lever,  equal  to  the  radius  of 
the  wheel ;  and  the  weight  as  ap- 
plied at  the  extremity  of  a  lever, 
equal  to  the  radius  of  the  axis; 
only  those  arms  do  not  meet  at  one 
centre  ol  motion,  as  in  the  lever; 
but  in  place  of  this  centre  we  have 
an  axis  of  motion,  vix»  the  axis  of 
the  whole  machine. 

Axis,  in  Optics,  The  optic  axis,  or 
visual  axis,  IS  a  ray  passing  through 
the  centre  of  the  eye,  or  falling 
perpendicularly  on  the  eye. 

Axis  of  a  Lens,  or  Glass,  is  the 
axis  of  the  solid  of  which  the  lens 
is  a  segment.  Or  the  axis  of  a 
glass,  is  the  line  joining  the  two 
vertices  or  middle  points  of  the 
two  opposite  surfaces  of  the  glass. 

Axis  of  a  Magnet,  is  a  line  pas- 
sing through  the  middle  of  a  mag- 
net lengthwise,  in  such  a  manner 
as  that,  however  the  magnet  is 
divided,  provided  the  division  is 
made  according  to  a  plane  in  w  hich 
such  line  is 'found,  the  magnet  will 
bb  cut  or  separated  into  two  load- 
stones: and  the  extremes  of  such 
lines  are  called  the  poles  of  the 
magnet. 


AZIMUTH,  in  Jstronomy,  an 
arc  of  the  horizon  intercepted 
between  the  meridian  of  the  place, 
and  the  verticle  circle  passing 
through  the  centre  of  an  object, 
and  is  equal  to  an  angle  at  the 
zenith,  formed  by  the  said  meri- 
dian and  verticle  circle,  wliich  is 
measured  by  the  foremeulioned 
arc. 

Tiie  azimuth  is  reckoned  east- 
ward in  the  morning,  and  west- 
ward in  the  afternoon,  and  is  usu- 
ally estimated  to  the  north  or 
south,  as  it  is  nearer  to  one  or 
other  of  those  points  : 

To  find  the  Azimuth,  at  the  Time  of 
the  Equinox. 
Say, 
As  radius. 
Is  to  the  tangent  of  the  latitude  ; 
So  is  the  tangent  of   the  altitude 

of  the  sun  or  star, 
To  the  cosine  of  the  azimuth  from 
the  south. 

Magnetlcal  Azimuth,  an  arc  of 
the  horizon  contained  between 
the  azimuth  circle  of  the  celestial 
object  and  the  niagnetical  meri- 
dian ;  or  it  is  the  apparent  dis- 
tance of  the  object  from  the  north 
or  south  point  of  the  compass. 
This  is  found  by  observing  the  ob- 
ject with  an  azimuth  compass, 
when  it  is  about  10**  or  15°  high, 
either  in  the  forenoon  or  afternoon. 

Azimuth  CUnnpass,  isaconipiiss 
used  at  sea,  for  Hnding  the  bun'ls 
magnetical  azimuth.  See  Compass. 

Azimuth  Circles,  called  also 
vertical  circles,  are  great  circles 
of  the  sphere,  intersecting  each 
other  in  the  zenith  and  nadir,  and 
cutting  the  horizon  at  right  angles. 

Azimuth  Dial,  is  a  dial  whose 
style,  or  {rnonion,  is  at  right  angles 
to  the  plane  of  the  horizon. 
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BACKStaff,  an  ln«trument  for- 
merly used  for  taking  the  sun's  al- 
titude at  sea ;  being  so  called  be> 
cause  the  back  of  the  observer  is 
turned  towards  the  sun  when  lie 
makes  the  observation.  This  in- 
strument is  also  called  Davis* s 
Quadrant, 

it  consists  of  two  co-centric 
arches  of  box-wood,  and  three 
vanes,  the  arch  of  the  lunger  ra- 
dius being  of  30%  and  that  of  the 
shorter  of  60,  forming  together  00% 
or  a  quadrant. 

BALANCB,  in  Medianics,  a  pe- 
culiar application  of  the  lever,  in 
order  to  determine  the  difference 
or  equality  of  weights  in  heavy 
bodies;  and,  consequently,  their 
masses  or  quantity  of  matter.  There 
are  various  kinds  of  balances ;  the 
principal  of  which,  however,  are 
the  common  balance,  the  bent 
lever  balance,  tlie  Roman  balance, 
and  the  Swedish  or  Danish  balance. 
Balances  also  receive  other  deno- 
minations, according  to  the  circum- 
stances under  which  they  are  em- 
ployed, or  the  principles  on  which 
they  act,  as  assay  balance  hydro- 
static balance,  &c. 

Assay  BAiiANcx,  a  very  delicate 
balance  used  for  determining  the 
exact  weight  of  minute  bodies,  in 
the  different  processes  of  assaying, 
and  of  frequent  use  and  applica- 
tion in  chemical  analysis:  fcir  a 
description  of  which,  see  Gregory's 
Mechanics,  vol.  ii.  p.  94 ;  Nichol- 
son's Journal,  4to.  vol.  v.  p.  303 ; 
see  also  the  Annales  de  Chemie, 
zxxvi.  50. 

Bent  Lever  Balance.  This  in- 
strument operates  bv  a  fixed 
weight  at  the  end  of  a  bent  lever, 
supported  ou  its  axis  in  a  pillar, 
and  having  a  scale  suspended  from 
the  other  extremity. 

Common  Balance,  or  Scale-beam. 
This  instrument  is  too  well  known 
to  need  any  particular  description; 
it  consists  of  a  lever  with  equal 
arms,  at  the  extremity  of  each  of 
which  is  attached  a  scal||  and  be- 
fore loading  it  with  any  weights 
the  whole  ought  to  preserve  a  per- 
fect equilibrium ;  and  this  equili- 
brium mast  arise  from  an  exact 
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distribution  of  the  weight  of  each 
arm  arid  scale  of  tlie  balance,  as 
well  as  from  the  equal  length  of 
the  former;  for  on  this  depends 
the  accuracy  of  its  action. 

Professor  Play  fair  has  the  fol- 
lowing remarks  oa  the  accuracy 
of  the  balance. 

'*  1.  It  should  rest  in  a  horizon- 
tal position  when  loaded  with 
equal  weights.  2.  It  should  have 
great  sensibility.  3.  It  should  have 
great  stability ;  that  is,  when  dis- 
turbed, it  should  quickly  return  to 
a  state  of  rest.  That  the  first  re- 
quisite may  be  obtained,  the  beam 
must  have  equal  arms,  and  the 
centre  of  suspension  must  be  high- 
er than  the  centre  of  gravity. 
Were  these  centres  to  coincide,  die 
beam,  when  the  weights  were 
equal,  would  rest  in  any  position, 
and  the  addition  of  the  smallest 
weight  would  overset  the  balance, 
and  place  the  beam  in  a  vertical 
situation,  from  which  it  would 
have  no  tendency  to  return.  The 
sensibility,  in  this  case,  would  be 
the  greatest  possible ;  but  the  other 
two  requisites  of  level  and  stabi- 
lity would  be  entirely  lost.  The 
case  would  be  worse,  if  the  centre 
of  gravity  were  lower  than  the 
centre  oi  suspension,  as  the  ba- 
lance, when  deranged,  would 
make  a  revolution  of  no  less  than 
a  semi-circle.  When  the  centre 
of  suspension  is  higher  than  the 
centre  of  gravity,  if  the  weights 
be  eqjual,  the  beam  will  be  hori- 
zontal ;  and  if  they  be  unequal,  it 
will  take  an  oblique  position,  auid 
will  raise  the  centre  of  gravity  of 
the  whole,  making  the  momentum 
on  the  side  of  the  lighter  weight 
equal  to  that  on  the  side  of  the 
heavier,  so  that  an  equilibrium 
will  again  take  place. 

"  The  second  requisite  is  the 
sensibility  of  the  balance,  or  the 
smallness  of  the  weight,  by  which 
a  given  angle  of  inclination  is  pro- 
duced. If  a  be  the  length  of  the 
arm  of  the  balance,  and  b  the  dis- 
tance between  the  centre  of  sus* 
pension  and  the  centre  of  gravity, 
P  the  load  in  either  scale,  and  W 
the  weight  of  the  beam,  the  seusi* 
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iiaving  its  diameter  about  one- 
third  or  one-foorlh  of  an  inch^and 
its  length  thirty>tliree  or  thirty- 
four  inches.  It  is  filled  with  pun- 
fieil  mercury  so  justly  as  not  to 
have  anv  air  over  it,  nor  any  bub* 
bles  adiiering  \o  the  sides  of  the 
tube,  which  is  best  done  by  means 
of  a  small  paper  or  glass  funnel, 
with  a  capillary  tube.  The  orifice 
of  the  tube;  filled  after  this  man- 
ner,  so  as  to  overflow,  is  then 
closely  pressed  by  the  finger,  so  as 
to  exclude  any  air  between  it  and 
the  mercury;  this  done,  invert 
the  tube,  and  immerse  the  finger 
and  end  thus  stopped,  into  a  bason 
of  like  purified  quicksilver,  and  in 
this  position  withdraw  the  finger, 
and  the  mercury  will  descend  in 
the  tube  to  some  place  between 
tweni3'-eight  and  thirty-one  inches 
above  the  surface  of  the  mercuiy 
in  the  bason,  these  being  the  li- 
mits between  which  it  always 
stands  near  the  surfacQ  of  the 
earth  or  sea. 

Instead,  however,  of  the  detached 
vessel, the  modem  barometer  tubes 
are  curved  at  the  bottom,  and  ter- 
minate in  a  bulb,  which  ought  to  be 
as  big  as  it  can  be  conveniently 
made,  in  order  that  the  variation 
in  the  altitude  of  the  mercury  in 
the  tube  may  affect,  as  little  as  pos- 
sible, the  depth  of  that  in  the  bulb. 

The  barometer  tubes,  under  ei- 
ther of  the  above  forms,  are  now 
to  be  enclosed  in  a  wooden  case  or 
frame,  to  prevent  their  being  bro- 
ken, and  the  vessel  or  bulb,  though 
open  to  the  air,  must  be  secured 
from  dust;  and  thus  far  the  con- 
struction will  be  completed. 

Next  measure  from  the  surface 
of  the  mercury  to  28  inches  and 
31  inches;  dividing  the  spaces  be- 
tween them  into  inches  and  tenths, 
which  are  marked  on  a  scale  plac- 
ed against  the  side  of  thetiibe; 
and  these  tenths  are  again  subdi- 
vided into  hundredth  parts  of  an 
inch,  by  means  of  a  sliding  index 
carrying  a  vernier  or  Ttonius.  In 
the  common  barometers,  called 
weather-glasses,  the  lowest  limit  is 
marked  stormy,  and  the  highest 
point  is  inarked  on  one  vide  very 
dry  for  summer,  and  on  the  other, 
very  hard  frost  for  winter.  To  the 

79 


next  half-inch  below  the  highest 
poiut  are  annexed  set  fair,  on  tlie 
one  side,  and  set/rost  on  tlie  other. 
At  the  height  oi'  30  inches, /air  is 
marked  on  one  side,  and /ro«^  on 
the  other.  At  the  height  of  294 
inches  is  marked  changeable,  both 
for  summer  and  winter ;  and  at  S9 
inches,  rain  on  one  side,  and  snow 
on  the  other.  At  284  i»ches,  much 
rain  on  one  side,  and  much  snow 
on  the  other ;  the  lowest  division 
being  marked  stormy^  as  we  have 
before  observed. 

The  bore  of  the  tube  should  be 
large  fnot  less  than  one-fourth  of 
an  inch),  in  order  to  prevent  the 
effects  of  the  attraction  of  cohe- 
sion. If  a  cistern  be  used  as  a  re- 
servoir for  the  stagnant  mercury, 
it  should  be  at  least  ten  times  the 
diameter  of  Uie  tube,  that  the  ad- 
dition or  subtraction  of  the  mercu- 
ry contained  between  the  greatest 
and  least  altitudes,  may  not  sensi- 
bly affect  its  depth.  In  order  more 
effectually  to  preserve  the  lower 
surface  at  the  same  height  from 
the  divisions  on  the  scale  afilxed 
to  the  instrument,  a  floating  gage 
has  been  applied,  by  means  of 
wliich  the  same  screw  that  renders 
the  barometer  portable,  regulates 
the  sntface  of  the  mercury  in  tlie' 
cistern,  so  that  it  is  always  at  the 
place  from  whence  the  divisions 
on  the  scale  commence.  The  tube 
should  be  preserved  free  from 
diist  till  it  is  used ;  and  for  this 
purpose  it  may  be  hermetically 
sealed  at  both  ends,  and  one  end 
may  be  opened  with  a  file,  when 
it  is  to  be  filled.  The  mercury 
should  be  pure;  and  may  be  i>urg- 
ed  of  its  air  by  previously  boiling 
it  in  a  glazed  earthen  pipkin  co- 
vered close ;  and  when  the  tube 
has  been  uniformly  lieaied,  and 
rendered  electrical  by  rubbing  it, 
the  hot  mercury  should  be  i)onred 
into  it  in  a  regular  current,  throupli 
a  glass  funnel,  with  a  long  capil- 
lary tube,  so  that  the  air  may  not 
have  room  to  pass  between  the 
parts  of  the  quicksilver. 

Another  circumstance,  that  re- 
quires attention  in  the  construc- 
tion and  use  of  barometers,  is  the 
temperature  of  the  air;  for  unless 
this  reunains  the  same,  the  ditneu- 
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sions  of  a  given  qoantity  of  mer- 
cury will  be  variable ;  and  the  al- 
titude of  the  mercury  will  be  an 
uncertain  measure  of  the  weight  of 
the  atmosphere,  because  it  is  dilat- 
ed by  heat,  and  contracted  by  cold, 
when  probably  its  weight  and 
pressure  are  unchanged.  M.  de 
liuc  attended  particularly  to  this 
circumstance,  and  contrived  to  es- 
timate the  effects  of  heat  on  the 
quicksilver  in  the  barometer,  when 
it  is  used  for  accurate  observation, 
by  means  of  the  thermometer ;  the 
scale  of  which  is  divided  in  snch 
manner  as  to  indicate,  with  little 
labour  of  calculation,  the  correc- 
tion to  be  made  on  account  of  heat. 
The  interval  between  the  freezing 
and  boiling  points  (answering  to 
six  lines  of  the  barometer;  is  di- 
vided into  06  equal  parts;  each 
of  which  corresponds  to  the  six- 
teenth of  a  line  in  the  motion  of 
the  mercury  in  the  barometer  di- 
lated by  heat,  which  must  be  add- 
ed to,  or  subtracted  from  the  height 
of  the  mercury  in  the  barometer, 
for  every  degree  of  the  variation 
of  the  thermometer  so  graduated. 

As  soon  as  it  was  observed .  that 
the  different  heights  of  the  mer- 
cury indicated  by  the  barometer 
were,  in  some  measure,  connected 
with  the  state  of  the  weather,  and 
that  it  might  he  applied  to  the 
purpose  of  a  weather-glass,  many 
attempts  were  made  to  render  the 
changes  in  it  more  sensible,  where- 
by to  measure  the  variations  in  the 
weight  of  the  atmosphere  the  more 
accurately,  which  attempts  have 
given  rise  to  a  great  number  of 
barometers  of  different  structures, 
deviating  from  the  simplicity  of 
the  common  barometer,  and  fre- 
quently much  less  accurate. 

Diagonal  Barometer.  This  acts 
on  the  same  principle  as  the  com- 
mon barometer  above  described, 
except,  that  the  up))er  end  of  the 
tube  is  bent  at  about  an  angle  of 
43°  from  the  vertical,  whereby  the 
scale  of  variations  is  increased  in 
about  the  ratio  of  three  to  two,  or 
more  accurately,  in  the  ratio  of 
the  diagonal  of  a  hquare  to  the 
length  of  its  side.  If  the  upper 
end  be  bent  in  a  greater  angle,  the 
scale  of  variation  will  be  so  much 
the  more  increased ;  but  in  prac- 
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tice  it  is  not  fonad  eonveiiieDt  to 
have  the  angle  much   exceeding 

Horizontal  BAEOMETsa.  This 
consists  of  a  tube  bent  aC  right  an- 
gles, having  a  pretty  wide  cylin- 
drical part  at  the  u]>per  end  of  the 
vertical  leg,  which  is  hermetically 
sealed,  the  horizontal  leg  being 
open,  where,  however,  the  mercu- 
ry cannot  run  out,  being  opposed 
by  the  pressure  of  Uie  atmosphere, 
the  variations  of  which  are  indicat- 
ed by  a  scale  attached  to  that 
branch  of  the  instrument. 

Marine  Baeomjcter.  This  instru- 
ment is  intended  to  be  used  on 
shipboard,  being  contrived  so  as 
not  to  be  affected  or  injured  by 
the  motion  of  the  vessel.  It  con- 
sists of  a  double  thermometer,  or 
two  tubes  half  filled  with  spirits 
of  wine ;  the  one  sealed  at  both 
ends,  with  a  quantity  of  air  includ- 
ed; the  other  sealed  at  one  end 
only.  The  former  of  these  is  af- 
fected only  by  the  temperature  ot 
the  air ;  but  the  other,  both  by 
the  external  temperature,  and  by 
the  variable  pressure  of  the  atmos* 
phere.  Hence,  considering  the 
spirit  thermometer  as  a  standard, 
the  excess  of  the  rise  or  fall  of  the 
other,  beyond  the  former,  will 
shew  the  increase  or  decrease  ot 
the  pressure  of  the  atmosphere. 

Pendant  Barometer.  This  in- 
strument is  rather  pretty  than  use 
ful.  It  consists  of  a  conical  tube 
placed  vertically;  its  upper  and 
smailar  extreme  is  hermeticaJly 
sealed,  and  its  larger  and  lower 
end  oi)en  :  it  has  no  vessel  or  cis- 
tern, its  conical  figure  supplying 
that  defect. 

Portable  Barometer.  This  isso 
constructed  that  it  may  be  carried 
from  one  place  to  another  without 
damage  or  derangement.  The  end 
of  the  tube  is  tied  up  in  a  leathern 
bag,  not  quite  full  of  mercury, 
which,  being  pressed  by  the  <ur, 
forces  itself  into  the  tube,  and 
keeps  suspended  at  its  proper 
height.  This  bag  is  usually  en- 
closed in  a  box,  through  the  bot- 
tom of  which  passes  a  screw,  by 
means  of  which  the  mercury  may 
be  forced  to  the  upper  end  of  the 
tube,  and  prevented  from  break- 
ing it  by  dashing  against  the  top, 
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an  accident  very  likely  to  happen 
withoot  this  precaution.  Mr.  Ta- 
trick,  it  seems,  first  liad  a  contri- 
vance of  tliis  kind ;  bat  the  porta- 
ble barometer  has  received  vari- 
ous improvements  since,  of  wliich, 
perhaps,  the  most  complete  is  that 
described  bv  De  Luc,  in  his  Ee- 
cherches.  Improvements  in  this 
instrument  have  also  been  suggest- 
ed by  Sir  6.  Shuckburgh  and  Ge- 
iierai  Boy,  which  were  carried  in- 
to execution  by  Ramsden,  with 
farther  improvements  of  his  own. 
Sir  U.  Englefield,  and  Humboldt, 
the  celebrated  traveller,  have  also 
much  simplified  the  structure  of 
the  portable  barometer;  and  an 
improvement  as  important,  per- 
haps, as  any  other  was  suggested 
by  Professor  Piayfair ;  namely, 
making  the  tube,  as  high  as  the 
lowest  range  of  the  mercury,  of 
iron,  by  wnich  means  the  hydro- 
statical  pressure,  tlie  most  usual 
casuality  in  the  use  of  this  baro- 
meter, is,  in  a  great  measure, 
guarded  against. 

Reduced  Baromxtxr.  This  in- 
strument is  only  three  inches  long, 
and  shows  the  dilatations  of  the  air 
in  the  receiver  of  an  air-pump,  for 
which  purpose  it  is  commonly  eui- 
ployed. 

Wheel  Barometkr.  This  instru- 
ment is  meant  tu  render  the  alter- 
ations  in  tlie  air  more  sensible. 
Here  tlie  barometer  tube  has  a 
large  ball  at  top,  and  is  bent  up  at 
tlie  lower  or  open  end,  where  an 
iron  bail  floats  on  the  surface  of 
the  mercury,  in  the  tube,  to  which 
is  connected  another  ball  by  a  cord 
hanging  freely  over  a  pulley,  the 
axis  of  which  carries  an  index  that 
traverses  on  a  dial.  The  circum- 
i'erence  of  the  dial  is  so  fitted  to 
ihat  of  the  puUey,  that  tiie  whole 
range  of  tlie  mercury  is  equal  to 
the  former,  and  thus  what  is  but* 
one  inch  in  tlie  common  barome- 
ter, extends  to  three  or  four  inches 
in  this.  But  then  it  must  be  ob- 
sei'ved,  that  the  friction  of  the 
pulley  and  axis  greatly  obstructs 
the  free  motion  of  the  quicksilver. 
This  imperfection  in  wheel  baro 
meters  luu  been  in  some  measure 
obviated  by  introducing  two  pul- 
leys, moving  tm/riction  wheels. 

The  phenuiikena  of  the  barome- 
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ter,  considered  as  a  wcather-glasK, 
have  been  very  differently  ex- 
plained by  various  writers  ;  and 
although  we  have  reason  to  be- 
lieve, that  the  barometer  never 
fails  to  indicate  a  storm,  or  any 
very  great  change  of  weather,  ft)r 
some  hours  before  it  occurs ;  3'et 
its  variations  afibrd  no  indications 
or  prognostics  that  are  absolutely 
certain,  with  respect  to  those  less 
considerable  changes,  to  which  the 
weather  is  subject  in  our  variable 
climate.  With  certain  restrictions 
they  -afibrd  some  ground  for  proba- 
ble conjecture  ;  and  these  restric- 
tions are  to  be  determined  merely 
by  the  sai;,acity  of  long-continued 
observation  and  experience.  Strict- 
ly speaking,  the  height  of  the  mer- 
cury in  the  baron^eicr  has  no  im- 
mediate and  necessary  connection 
either  with  rain  or  fair  %veather. 
That  its  variable  height  is  the  im- 
mediate consequence  of  the  varia- 
ble pressure  ot  the  atmosphere,  is 
a  fact  that  admits  of  no  doubt ;  but 
the  causes  of  this  variable  pres- 
sure liave  not  yet  been  fully  and 
satisfactorily  ascertained ;  and  how 
far  the  state  of  the  weather,  in  ait 
its  minute  and  sudden  changes,  ae- 
pends  upon  it,  is  a  question  tiiat  is 
still  to  be  determined* 

The  principal  observations  that 
have  bieeD  made  on  the  variations 
of  this  instrument,  are  summed  up 
by  Mr.  KirWaa  iu  the  following 
particulars  : 

I.  The  more  considerable  eleva- 
tions and  depressions  of  the  mei- 
cury  in  the  barometer  happen  at  a 
very  sliort  interval  of  time,  in 
places  very  remote  from  eaeli 
other.  But  the  coincidence  is  more 
remarkable  when  the  places  dif- 
fer only  in  latitude. 

II.  The  variations  are  far  more 
frequent  and  extensive  in  the 
neighbourhood  of  tiie  poles  thait 
in  that  of  the  equator. 

HI.  The  variations  without  the 
tropics  are  greater  and  more  fre- 
quent in  winter  than  in  summer. 

IV.  They  are  considerably  small- 
er in  very  elevated  situations  than 
at  the  level  of  the  sea. 

V.  The  meair  height  of  the  baro- 
meter at  the  level  of  the  sea,  in 
most  parts  of  the  globe  hitherto 
examined,  is  about  30  incUc^. 
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Dr.  Halley  and  Mr.  Patrick  have 
given  rules  tor  judging  of  tiie  wea- 
ther,  wliicli  are  as  follow : 

Dr.  Hallefs  Rules, 
1.  In   calm  weather,   when  the 

air  is  inclined  to  rain,  tue  mercury 

is  commonly  low. 
8.  In  serene,  good,  and  settled 

weather,  the  mercury  is  generally 

hiuh. 

3.  Upon  very  great  winds,  though 
they  be  not  accompanied  with  ram, 
the  mercury  sinks  lowest  of  all, 
according  to  the  point  of  the  com^ 
pass  the  wmd  blows  from. 

4.  The  greatest  heights  of  the 
mercury  are  found  upon  easterly 
or  north-easterly  winds,  other  cir- 
cumstances alike. 

5.  In  calm,  frosty'^  weather,  the 
mercury  commonly  stands  high. 

6.  After  very  great  storms  of 
wind,  when  the  mercury  has  been 
very  low,  it  generally  rises  again 
very  fast. 

7.  The  more  northerly  places 
have  greater  alterations  of  the  ba- 
rometer than  the  more  southerly, 
near  the  equator. 

8.  Within  the  tropics,  and  near 
them,  there  is  little  or  no  vari- 
ation of  the  barometer,  in  all  wea- 
thers. 

Mr.  Patricias  Rules. 

These  are  esteemed  the  best  of 
any  general  rules  hitherto  made  : 

1.  The  rising  of  the  mercury 
presages,  in  general,  fair  weather ; 
and  its  falling,  foul  weather,  as 
rain,  snow,  high  winds,  and  storms. 
"  2.  In  very  hot  weather,  the  fall- 
ing of  the  mercury  indicates  thun- 
der. 

3.  In  winter,  the  rising  presages 
frost :  and  in  frosty  weather,  if  the 
mercury  falls  three  or  four  divi- 
sions, tnere  will  certainly  follow  a 
thaw.  But  in  a  continued  frost,  if 
the  mercury  rises,  it  will  certainly 
snow. 

4.  When  foul  weather  happens 
soon  after  the  falling  of  the  mer- 
cury, expect  but  little  of  it ; 
and,  on  the  contrary,  expect  but 
little  fair  weather  when  it  proves 
fair  shortly  after  the  mercury 
has  risen. 

5.  In  foul  weather.  When  the 
mercury  rise*  much  and  high,  and 


so  continues  for  two  or  three  dnys 
before  the  foul  weather  is  quite 
over,  then  expect  a  continuance 
of  fair  weather  to  follow. 

6.  In  fair  weather,  when  the 
mercury  falls  much  and  low,  and 
thus  continues  for  two  or  three 
days  before  the  rain  comes,  then 
expect  a  great  deal  of  wet,  and, 
probably,  nigh  winds. 

7.  The  unsettled  motion  of  the 
mercury  denotes  oncerlain  and 
changeable  weather. 

8.  You  are  not  so  strictly  to  ob- 
serve the  words  engraven  on  the 
plates,  as  the  mercury's  rising  and 
tailing;  though,  in  general,  it  will 
agree  with  them.  ^  For  if  it  stands 
at  much  rain,  and  then  rises  up  to 
changeable,  it  presages  fair  wea- 
ther; though  not  to  continue  so 
long  as  if  the  mercury  had  risen 
higher.  And  so,  on  the  contrary, 
if  the  mercury  stood  at  fair,  and 
falls  to  changeable,  it  presages 
foul  weather  ;  though  not  so  much 
of  it  as  if  it  had  sunk  lower. 

M.  Chiminello  observed  the  ba> 
rometer  twenty-two  times  a  day 
for  three  years,  but  he  left  a  chasm 
in  the  nignt  which  he  supplied  by 
calculation.  The  principal  posi* 
tions  which  he  thence  deduced 
are,  that  the  barometer  falls  t(»* 
wards  noon,  as  well  as  towards 
night. 

M.  Hemmer,  from  a  great  num. 
ber  of  accurate  observations,  de- 
duced the  three  following  general 
rules : 

1st.  When  the  sun  passes  the 
meridian,  the  barometer,  if  in  the 
act  of  falling,  continues  to  fall, 
and  the  falling  is  accelerated. 

2d.  When  the  sun  passes  the  me* 
ridian,  the  barometer,  if  in  the  act 
of  rising,  falls,  or  becomes  station- 
ary, or  rises  more  slowly. 

3.  When  the  sun  passes  the  me* 
ridian,  the  barometer,  which  is 
stationary,  falls,  if  it  has  not  risen 
before  or  after  being  stationary ;  in 
which  case  it  usually  becomes  sta- 
tionary during  the  sun's  passage. 

BAROSCOPE,  an  instrument  in- 
tended  only  to  show  that  the  air 
has  weight;  whereas  the  baro- 
meter measures  that  weight,  and 
determines  its  true  quality. 

BARIIEL,  aa  English  vessel  or 
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cask,  which  contains  S6  gallons 
beer  measure,  and  33  cailons  ale 
measure.  The  barrel  of  beer,  vine* 
gar,  or  liquor  preparing  for  vine- 
gar, ought  to  contain  34  gallons, 
according  to  the  standard  of  the 
ale  quart. 

Barrel  is  also  used  as  a  measure 
in  various  commodities  ;  thus. 

Barrel  of  Essex  butter  is   106  lb. 

Barrel  of  Suffolk  butter    SMI  lb. 

Barrel  of   herrings  holds  3S  gal. 

wine  measure,  and  con- 

tains  about 1000  her. 

Barrel  of  salmon  holds  •     42gal. 

Barrel  of  soap  is    •  •  «  •   tSO  lb. 

Barsbl,  in  Mitckinerff,  ii  also 
applied  to  any  thing  hollow  and 
cylindrical,  as  the  barrel  of  a 
pump,  of  a  gun,  of  a  watch,  &c. 

BASE  of  a  Figure,  denotes  the 
lowest  part  of  its  perimeter;  in 
which  sense  the  base  stands  op- 
posed to  the  vertex,  which  denotes 
tlie  highest  part. 

Bask  of  a  right-angled  triangle, 
is  properly  the  hypothenuse,  though 
it  is  generally  used  to  denote  one 
of*  the  sides  about  the  right  angle, 
the  other  side  being  called  the 
perpendicular. 

That  side  on  which  a  solid  body 
stands  is  called  the  base  of  the 
solid. 

Bask  of  a  Conic  Section^  is  a 
right  line  in  the  parabola  and  hy- 
perbola, formed  by  the  gomroon 
intersection  of  the  cutting  plane 
and  the  base  of  the  cone. 

Bask,  in  Surveying,  is  a  line 
measured  with  the  greatest  possi- 
ble exactness,  on  which  a  series  of 
triangles  are  constructed,  in  order 
to  determine  the  position  of  otqects 
and  places* 

BATTERING  Earn,  or  Aries,  an 
ancient  military  engme,  employed 
for  destroying  the  walls  of  fortified 
places,  of  winch  there  were  three 
different  sorts. 

The  first  seems  to  have  been  no- 
thing more  than  a  great  beam, 
having  a  heavy  head  of  iron, 
which  the  soldiers  bore  in  their 
arms,  and  with  one  end  of  it  as- 
sailed the  wails  by  main  strength. 

The  second  sort,  as  described  by 
Josephus,  consisted  of  a  very  heavy 
beam,  headed  with  iron,  and  sus- 
pended in  the  middle  from  another 


strong  beam  supported  on  two  posts. 
The  third  sort  was  mounted  on 
wheels.  Oesaguliers  has  demon- 
strated, that  the  momentum  of  a 
battering  ram,  28  inches  in  diame- 
ter, 180  feet  long,  with  a  head  of 
cast  iron  of  1^  ton,  the  whole  ram 
weighing,  witli  its  iron  hoops, 
41,llt  pounds,  and  moved  by  tne 
united  strength  of  lOOO  men,  would 
only  be  equal  to  that  of  a  ball  of 
36  pounds  weight  shot  point  blank 
from  a  cannon.  And  Atwood,  com- 
paring the  effect  of  the  battering 
ram,  having  its  metal  extremity 
ec|nai  to  a  twenty-four  pounder, 
with  a  cannon-ball  of  24  pounds 
weight,  observes,  that  in  order  to 
their  producing  the  same  effect  in 
penetrating  a  wall  or  making  a 
breach  in  it,  the  weight  of  the  ram 
must  exceed  that  of  the  cannon- 
kmll  in  the  proportion  of  the  square 
of  1700,  the  velocity  of  the  ball,  to 
the  square  of  ^he  velocity  with 
which  the  battering  ram  could  be 
made  to  impinge  against  the  wall, 
expressed  in  feet.  Estimating  this 
at  10  feet  in  a  secondj  the  propor- 
tion of  the  weights  will  be  that  of 
about  2,800,000  to  100,  or  28,900  to  1. 

The  ram  was  frequently  used  in 
the  fourteenth  century.-  Sir  Chris- 
topher Wren  employed  it  in  de- 
molishing the  wails  of  the  old 
church  of  St.  Paul. 

BATTERY,  in  Eleetricitp  is  a 
combination  of  coated  surfaces  of 
glass,  so  connected  together  that 
they  may  be  charged  at  once,  and 
discharged  by  a  common  conduc- 
tor. Mr.  Gralath,  a  German  elec- 
trician, first  contrived  to  increase 
the  shock  by  charging  several 
phials  at  the  same  time.  Dr. 
Franklin,  having  analysed  the 
Leyden  phial,  and  found  that  it 
lost  at  one  surface  what  it  received 
at  the  other,  constructed  a  battery 
consisting  of  eleven  panes  of  large 
sash  glass,  coated  on  eacli  side, 
and  connected  in  such  a  manner, 
that  the  whole  might  be  charged 
together,  and  with  the  same  lak^ur 
as  one  single  pane  ;  and  by  bring- 
ing all  the  giving  sides  into  con- 
tact with  one  wire,  and  all  the 
receiving  sides  with  another,  he 
contrived  to  unite  the  force  of^  all 
the  plates,  and  to  discharge  them 
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at  once.  Dr.  Priestley  describes  a 
still  more  complete  batterer :  this 
consists  of  64  jars,  each  10  inches 
long,  and  34  >»ches  in  diameter, 
all  coated  within  an  inch  and  a 
iiatf  of  the  top,  foi-ming  in  the 
whole  about  32  square  feet  of  coat- 
ed surface. — But  the  largest  and 
most  powerful  battery  of  all  is  that 
employed  by  Dr.  ^an  Marum,  to 
■the  electrical  machine,  constructed 
for  Teylei-**  museum  at  Haarlem. 
This  grand  battery  consists  of  a 
great  number  of  jars  coated  as 
above,  to  the  amount  of  about  130 
square  feet ;  and  the  effects  of  it, 
which  are  truly  astonishing,  are 
related  by  Dr.  Van  Marum  in  his 
description  of  this  machine,  and 
of  the  experiments  mad«  with  it 
at  Haarlem,  1785. 

Galvanic  Battery,  or  Pile,  an 
apparatus  employed  for  accumu* 
luting  galvanism.    It  was  invented 
by  Volta,  from  whose  labours  the 
science  of  galvanism  derived  many 
advantages    and    much   improve- 
ment   Mr.  Henry,  in  his  valuable 
Epitome  of  Chemistry,  gives  the 
following  easy  directions  for  the 
construction  of  this  pile:  "Pro- 
cure,   at   a  brazier's  or  copper- 
smith's, 30,  40,  or  60  pieces  of  zinc 
or  speiire,  cast  in  sand,  of  the  size 
ot  half-crowns  or  shillings,  but  ra- 
ther    tiiicker.      A    corresponding 
number  of  half-crowns  or  snillings 
will  also  be  required,  according  to 
the  sizes  of  the  pieces  ot  zinc  that 
may  be  employed.    Let  an  equal 
number  of  pieces  of  woollen  cloth 
be  cut,  of  a  circular  shape,  to  cor- 
respond with  the  pieces  of  zinc, 
and  steep  these  in  a  strong  solution 
of  common  salt  in  water.     Then 
dispose  the  three  substances  alter- 
nateiy,    in   the   following   order: 
silver,  Kinc,  nioistened  cloth ;  sil- 
ver, einc,  &c.  till  a  sufficient  num- 
ber of  these  triplicates,  not  less 
than  20  or  30,  have  been  thus  ar- 
ranged, the  silver  terminating  the 
pile  at  top.    In  order  to  facilitate 
the  touching  of  the  bottom  piece 
of  silver,  it  may  be  well   to  put 
under  it  a  slip  of  tinfoil,  or  Dutch 
leaf,  which  may  project  a  few  in- 
ches.     Next,    let    the    hands    be 
moistened  with    salt    and  water, 
and,  on  touching  the  piece  of  tin- 
/oJJ  with  one  hand,  and  tlte  Upper-  \ 
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most  piece  of  sliver  with  the  other, 
a  shock  will  pass  throngh  the  arms, 
which  will  be  sti-ong  in  proportion 
to  the  number  of  pieces  of  zinc 
&c.  employed."  Of  late,  copper 
has  been  used  instead  of  silver,  on 
account  of  its  being  cheaper;  aiMl 
solutions  of  muriate  of  ammonia 
(sal  ammoniac,)  of  nitrous  acid, 
and  of  muriatic  acid,  have  been 
substituted  for  the  solution  of  com- 
mon salt,  with  increased  effect. 
Any  two  metallic  substances,  which 
are  perfect  conductors  of  eleciri* 
city,  will  answer  the  purpose,  on 
condition  that  the  interposed  fluid 
is  capable  of  oxidizuig  at  least  one 
of  them. 

The  galvanic  trough  consists  of 
a  box  of  baked  wood,  in  which 
plates  of  copper  and  zinc,  or  of 
silver  and  zinc,  soldered  together 
at  their  edges,  are  cemented  in 
such  a  manner  as  to  leave  a  num- 
ber of  water-tight  cells  correspond- 
ing to  the  number  of  the  series. 

Piles  and  batteries  of  various 
forms  and  powers  have  been  con« 
structed  by  different  experimen- 
talists. It  has  been  found  that  the 
power  of  chemical  decomposition 
IS  in  the  ratio  of  the  surfaces,  and 
that  of  exciting  the  muscular  ener- 
gy in  a  subject  recently  dead  in 
the  ratio  of  the  number  of  combi 
nations.  Very  powerful  batieiies 
have  been  made  with  concentric 
cylinders  of  zinc  and  copper.  See 
Galvanism, 

BEARD  of  a  Comet,  the  rays 
which  it  emits  in  the  direction  in 
which  it  moves,  as  di8tingu>sfaed 
from  the  tail,  or  the  rays  emitted 
or  left  behind  it  as  it  moves  along. 
BEARING,  m  Geography  and 
Navigation,  the  position  of  one 
place  with  regard  to  another,  as 
estimated  by  the  points  of  the  com- 
pass. 

BELTS,  zones  or  girdles,  stir^ 
rounding  the  planet  Jupiter,  more 
lucid  than  the  other  parts  of  his 
body,  and  terminated  by  parallel 
straight  lines,  being  sometimes 
broader  and  sometimes  narrower, 
varying  botli  in  magnitude  and 
position. 

BENDING,  the  reducmg  a  body 
to  a  curved  or  crooked  form.  The 
bendmg  of  boards,  planks,  &c.  is 
effected  by  means  of  hvat^  usually 
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of  all  the  rooU  is  equal  to  the  co- 
e^cicnt  of  the  second  term,  which 
ill  ihe  present  case  is  0:  and  that 
iUe  continued  product  is  equal  to 
the  absolute  term,  which  is  here 

—  1. 

l^-r«+r«»  +  rs«,  Slc. 

^(n— 1)0=0; 
or,*  •  •     ra4-»*»-|-f*»+,  &C. 

r("— !)«=— 1; 
Again,  I  X  r«  X  r««  X  r8«  X,  &c. 

r(«— »)°  =  —  i; 
or, .  •  •     r«  X  »^  X  rs«  X,  &c. 

r(»i^l)a  =  — 1; 

as  is  evident. 

Tlie  whole  series  of  the  roots  of 
these  equations,  both  real  and 
imaginary,  is  expressible  by  means 
of  certain  general  trigonometrical 
forniulac ;  viz. 

All  the  roots  of  the  equation  x»» 

—  1  =  0  are  contained  in  the  ge- 
ral  formula 

«  =  C05.  — ±  V  ^cos.8  —'^^) 

k  being  equal  to  zero,  or  any  inte- 
ger number  whatever,  and  ^  re- 
presenting the  semicircumference. 
And  in  equations  of  the  form  xfl 
-j-l  =  0,  the  general  formula,  in 
which  tlie  roots  are  contained,  is 

X=:C08.    _______   ±  V 

/  _       (2*  +  l)w  \ 

{  COS.  *      —  ~"  *  y 


n 


h  and  9r  being  the  same  as  above. 

In  the  first  of  these  formulas,  if  k 
he  divisible  by  n,  it  gives  the  real 
root;  as  does  the  second,  wlien 
2A  + 1  is  divisible  by  the  same 
number. 

Imaginary t  or  Impossible  Bino- 
MiAL,  is  one  of  which  one  of  the 
branches  is  imaginary  ;  as, 

a±v/— 6,  or  — a±v/— *• 
BINOMIAL  A'Mrd,  isa  binomial  ol 
which  one  or  both  of  ti>e  branches 
are  surd  quantities;  thus,  a-\-  -Jb, 
^  a-^  -J  b,  &c.  are  binomial  surds. 
BINOMIAL  Theorem,  a  general 
algebraical  expression  or  formula, 
by  which  any  power  or  root  of  a 
<|uantity  of  two  terms  is  expanded 
ittto  a  series. 

Tins  theorem,  in  its  most  simple 
form,  is  as  follows ;  viz. 

»  ,.   .   «(» — 2) 
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&c.  where  the  law  of  the  scries  is 
immediately  obvious.    Thus, 
(a-f  6)a=a^  +  3a'^*+  3tf6*4-  6S 
and  (a  +  6)'  =  a'+7tf«6+21tf*6«+ 
Z5a*0^,  &c.  which  series,  it  is  ob- 
vious, must  always  terminate  when 
the  index  n  is  an  integer  number. 
The  signs  of  the  several  terms  iu 
the  series  are  affected  by  the  signs 
of  the  powers  of  bj  that  is,  if  b  be 
negative,  as  in  the  quantity  a  — 6, 
all  those  terms  into  which  the  odd 

Sowers  of  ft  enter,  will  be  preceded 
y  a  negative  sign ;  but  when  b 
is  positive,  then  all  the  signs  of  the 
series  will  be  positive.    1  hus, 

(a±b)-'=za-'±jafib+  j^a?As± 

7  It  ^ 

.    a<f>^-i-,  &c.  the  signs  being 

plus  and  mimu  alternately  in  the 
latter  case. 

If  we  raise  (1  •+•  1)  to  any  power 
n,  we  shall  have  the  co-efficienU 
only  ;  hence  the  sum  of  all  the  co- 
efficients of  a  binomial  are  equal 
to  the  same  power  of  2,  as  that  to 
which  the  binomiai  is  raised.  Also, 
the  sum  of  the  positive  co-efficients 
is  equal  to  the  sum  of  the  negative 
ones,  which  therefore  destroy  each 
other. 

If  also  we  consider  the  latter 
part  of  the  series,  it  will  be  found 
that  the  co-efficients  from  either 
extreme  are  the  same,  increasuig 
from  each  end  to  the  centre  term, 
when  the  number  of  ternns  is  odd, 
or  to  the  two  centre  terms  when 
the  number  is  even. 

The  number  of  terms  is  I  greater 
than  the  exponent  of  the  power. 
It  is  odd  for  even  powers  and  even 
for  odd  powers. 

The  index  of  the  first,  or  leading 
quantity,  is  the  same  as  that  of 
the  power,  and  in  the  succeeding 
terms  it  decreases  always  by  1; 
while  that  of  the  second  part  in- 
creases by  1,  whereby  the  sum  of 
the  indices  is  always  the  same  in 
each  term. 

As  to  the  co-efficients,  the  first  is 
always  unity,  and  the  second  tlie 
same  as  the  index  of  the  power 
and  for  the  rest  multiply  the  co 
efficient  of  each  preceding  term  by 
the  index  of  the  leading  quantity 
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in  tliat  term,  iftid  divide  the  pro- 
duct by  the  namber  of  terms  to 
that  placet  and  the  quotient  will 
be  tlie  co-efficient  of  the  following 
term. 

And  for  the  signs,  they  will  be 
all  pltis  when  both  terms  of  the 
root  are  plas,  and  alternately  j}/t» 
and  Minus  when  the  second  term 
is  negative. 

If  we  assume  the  index— «  in 

which  form  it  may  relate  to  roots 
as  well  as  powers. 

This  theorem  may  be  expressed 
in  its  most  simple  form  ;  viz.  put 
a  =  P,  and  6  =  PQ,  then  we  shall 
have 

(P+PQ)n  =  P«+^AQ+'" 

-«^  .  m—in ,,_  ,    - 
BQ+  ^^rr-  CQ+&C. 


2n 


3» 


m 


where  —  is  the  index,  P   the  first 


ra 


term,  Q  the  second  term  divided 
by  the  first,  and  A,  B,  C,  D,  &c. 
the  several  foregoing  terms,  with 
their  proper  signs. 

An  example  will  sufficiently  il- 
lustrate this  formula. 

1 .  Let  it  be  proposed  to  convert 

V(d«  +  fr«),  or  (aa+6«)i,  into 
an    infinite    series.       Here   P  = 

and  n  =  2 ;  therefore, 

P«  =  (^')  n  =  (tf«r  =  a=A 


A/>       '  ft'  ft'        « 

2  a^       2.a 
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n 

----BQ  =  ---  Xs —  X  —  = 
2»  4         2.a         a^ 

4 . 2 .  flS  "" 

*n  — 2»  1— 4^    — 1 .  b\        fcg 

3/*        ^~     6     ^4.2.aS^   a« 


3  . 1 .  6« 


=  D 


l.fr* 


+ 


fi.4.2.a^ 
consequently, 

V     -T-     J       "^2. a        4,2.a3 

3.1.68  3.3.169 

0.4. 2. a^         8.fl.4.2«T  +»"*'• 
where  the  terms  may  be  continued 
83 


at  pleasure,  the  law  of  series  being 
obvious. 

When  the  quantity  to  be  ex- 
panded comes  under  the  form  of  a 
fraction,  the  denominator  must  be 
placed  under  a  negative  index, 
and  broitpht  tip  into  the  numerator. 

BIQUADRATB,  or  Biquadratic 
Power,  in  J^lgebra,  is  the  square 
squared,  or  tonith  power  of  a 
quantity ;  thus,  16  is  the  biquad- 
rate  of  2. 

B I Q  U  A  D R ATI C  Root,  is  the 
fourth  root  of  any  proposed  quan- 
tity ;  thus  2  is  the  biquadratic  rout 
of  16. 

The  biquadratic  root  of  a  num- 
ber is  found  by  extri^cting  the 
square  root  of  it,  and  then  the 
square  root  of  that  root. 

BIQUADRATIC  Equation,  is  an 
equation  in  which  the  unknown 
quantity  rises  to  the  fourth  power ; 
as  sfl'-\-aa?-\-ba^-\-cx-\rd=-^ 
in  which  a,  6,  c,  and  d,  may  be 
any  numbers  whatever,  positive 
or  negative,  or  any  of  them  equal  0. 

A  biquadratic  equation  is  the 
highest  order  of  equation  that  ad- 
mits of  a  general  solution;  all 
higher  ones  being  soluble  only  iu 
particular  cases. 

The  following  are  two  of  the 
methods  of  solution. 

1.  FerrarVs  Method, 

Let  there  be  proposed  the  follow- 
ing general  equation,  of  the  fourth 
degree;  viz. 

x*'{-aafl-\-lMfi-\'CX-^d  =  Q\ 
and  let  us  suppose  this  equation  to 
be  the  same  as 

(a«-|-  i  ax  +  j>)«  —  {qx  -f-  r)«= 0, 
where  j7,  9,  and  r,  are  unknown, 
the  values  of  which  are  to  be  so 
determined  as  to  make  the  latter 
equation  equal  to  that  proposed. 
Tills  is  effected  as  follows: 

^  {qx  +  r)2  =  ^q'^ai^^—^qrx—r^ 
by  comparing  which  with  the  oiri- 
ginal,  we  shall  have 

\efi-\-2p  —  $2  =  6 
ap  —  2qr  =  c 

By  means  of  these  three  equa- 
tions, the  values  of  p,  q,  and  r, 
may   be   found   in    terms  of  lVv« 
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known  quantities  a,  b,  c,  and 
for  we  have 

which  being  a  cabic  eqnaiion,  the 
value  of  p  becomes  determined, 
and  may  now  be  considered  as 
known ;  and  q  and  r  are  also  de- 
termined from  the  equations 

ap  —  c 
r=-^ — 

.  Having  thus  found  the  values  of 
p,  q,  and  r,  the  four  values  of  a;, 
in  the  proposed  equation,  are  also 
determined  from  the  assumed  equa- 
tion 

{3fi-\-\ax-\-py»  — (?x-|-r)«=0,or 
3^-ir\ax-\'p  =  -^qx-\-r)'t  whence 
3^-\-lha — q)  X  =  r  —  p,  or 
a^4-( $«•{-?)  X  =  —  r  —  j», 
by  taking  the  ambiguous  sign  by 
which  (qx-{-r)  is  effected  both  -j- 
and  — ;  whence  the  four  required 
roots  are 
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2.  Euler's  Method, 

He  assumes  a  general  biquadra* 
tic  under  the  form 

X* — aafi — bx  —  c=0, 
and  supposes  its  rout  to  b«  > 
x  =  ^p-\'y/q  +  ^ri 
which,  squared,  becomes 
xi=p-\.q+r-^  2(\fpq  +  >/pr+ 

s/qr)  ; 
or,  making    p-\-q  -{-r  =/, 
it  becomes 

**  — /=  *  Wpq  +  >/pr  +  y/qr  ; 
squaring  this,  we  have 

{4ivq-\-pr-\-qr) 
-\'^y/p'qr+y/^pr 
„  ,  .  .         .    +y/r''pq). 

Makmg  j)g-+-j»r-|-gr  =  ^,  and  put- 
ting the  latter  part  under  the  form 

S^prqiy/p+y/a+^r), 

and  substituting  at  the  same  time 

pqr  =  h,  we  obtain 

ar*--2/>B-h/"«  =  4g-\-Sxy/h 

or    x*—ybfi~^y/h.x-\-(f^—^)=0; 

BO  that  if      ■=    a,  Qxf  —  \a         I 


%^h  — 


6,orA  =  - 


an 


f«-r4jr=-c,  or^= 
d  since         P  +  ?  + 


vq-Vvr-^-qr  =^g^ 
pqr  =  X, 

it  is  obvioDS  that  p,  q,  aiid  r,  are 
the  three  roots  of  the  ciibic  equa- 
tion 

!»'— /j^+^j»— A=0; 
whence  the  three  quantities  ]»,  q, 
and  Tf  become  known,  and  conse- 
quently the  roots  of  the  proposed 
equation,    ar* — oi* — 6r^— c==*, 
being  as  follows ;  viz. 

When  b  is  positive, 

Ist.  root  X  =      y/p  -f-  y/q  +  ^r 

8d.  •  •  X  =  v^  —  V ?  —  v*" 
3d.  .  .  X  =  —  y/p  -|-  y/q  —  y/r 
4th.  •  .  a:  =  —  VJ»  —  v <f  +  vr 

n=^%«»  b  is  negative, 
Ist.  root  X  =      ^^J»  +  \/<f  —  yjr 
3d.   •  •  X  =:      VP  —  V  ?  +  ^^ 
3d.   •  •  X  =—  \^  +  V^  +  V»* 
4th.  •  •  X  =  —  VJ»  —  V  ?  —  >/t 

Let  us  illustrate  this  rale  by  an 
example. 

Given  x*— a5x«+<Wx— 3«  =  e,  to 
find  the  four  values  of  x. 
Here  a=:25,  *=—(»,  c  =  36: 

vherefore/  =  — ,  j:=  -^  +  9, 
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cons(>quentl3'  the  cubic    eqaation 
will  be 

the  three  roots  of  which  are 
9  ^  25  . 

and  the  square  roots  of  these  are 

Hence,  as  the  value  6  is  nega- 
tive, the  four  roots  are  the  fol- 
lowing : 

3       4        5 

"  ^2        2 

2  2  ^2 

3  4        5 

2  ^2  ^2 

3  4        5 


1st.  root  X  = 


2d. 


3d. 


2 
3 

X  =        — 


4th. 


'  =  -2 
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For  the  constrnction  of  biquar 
druiic  equations,  see  Constrnction. 
lilSSUXTlLE,  or  Leap-Year,  in 
Chronoiogji,  a  year-  consisting  of 
366  days,  happening  once  every 
four  3'ears,  by  reason  of  the  addi- 
tion of  a  day  in  the  month  of  Fe^ 
braary  to  recover  the  six  hoars 
which  the  earth  occupies  in  its 
annual  coarse,  beyond  the  365 
days  ordinarily  allowed  for  it. 

The  day  thus  added  is  also  call- 
ed bissextile;  Gauar  having  ap 
poiiited  it  to  be  introduced  by 
reckoning  the  84th  of  February 
twice  ;  and  as  this  day,  in  the  old 
account,  was  the  same  as  the  sixth 
of  the  calends  of  March,  which 
had  been  long  celebrated  among 
the  Romans  on  account  of  the  ex- 
pulsion of  Tarqnin,  it  was  called 
"  bis  sextus  caUfuUu  Martii/*  and 
from  hence  we  have  derived  the 
name  bissextile. 

By  the  sucute  SI  Hen.  III.  to 
prevent  misunderstandings,  the  in- 
tercalary day,  and  that  next  be- 
fcMre  it,  are  to  be  accounted  as  one 
day. 

The  astronomers  concerned  in 
reforming  the  calendar,  by  order 
of  Pope  Gregory  XIII.  in  158*2,  ob- 
serving that  the  bissextile  in  four 
years    added    forty-four    minutes 
more  than  the  sun  spent  in  return- 
ing to  the  same  point  of  the  zo- 
diac, and  computmg  that  these  sn- 
pernamerary  minutes  in  133  years 
would  form  a  day ;  to  prevent  any 
changes  being  thus  insensibly  in-- 
troduced  into  the  seasons,  directed 
that  in  the   coarse  of  400  years 
there  should  be  three  bissextiles 
retrenched ;  so  that  every  centisv- 
mal  year,  which  according  to  the 
Julian  account  is  bissextile  or  leap, 
year,   is  a  common   year  in  t\\e 
Gregorian  account,  unless  the  num- 
ber of  centaries  can  be  divided  by 
four  without  a  remainder.    Thus, 
1600  and  2000  are  bissextile;  but 
1700,  1800,  and  1000,  are  common. 
But,  with  the   exceptions  of  the 
above   even  centuries,   any  year 
which  exactly  divides  by  four  is 
leap-year  ;  and  when  there  is  any 
remainder,  it  indicates  the  number 
of  years  since  leap-year. 

The    bissextile,    or   number  of 
years  after  it,  is  the  remainder, 
upon    dividing    the    date    by  4* 
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ITius,  18'20-f-  4  leaves  0,  therefore 
1880  is  bissextile ;  and  1823  -^  4 
leaves  3,  therefore  1823  is  the  third 
after  bissextile. 

BLACK,  an  epithet  applied  to 
any  thing  opaque  and  porous, 
which  imbibes  the  greater  part  of 
the  light  that  falls  on  it,  reflects 
little  or  none,  and  therefore  exhi- 
bits no  colour. 

Bodies  of  a  black  colour  are 
found  more  inflammable,  because 
the  rays  of  light  falling  on  them 
are  not  reflected  outwards,  but 
enter  the  body,  and  are  often  re- 
flected and  refracted  within  it, 
till  they  are  stifled  and  lost.  They 
are  also  found  lighter,  ceteris  pari- 
bus, than  white  bodies,  being  more 
porous. 

BLUE,  one  of  the  seven  primi- 
tive colours  of  the  rays  of  light, 
into  which  they  are  divided  when 
refracted  through  a  glass  prism. 

The  blue  colour  of  the  sky  is  a 
remarkable  phenomenon,  which 
has  been  variously  accounted  for 
by  diflerent  philosophers.  New- 
ton observes,  that  all  the  vapours 
when  they  begin  to  condense  and 
coalesce  into  natural  particles, 
become  first  of  such  a  bigness  as 
to  reflect  the  azure  rays,  before 
they  can  constitute  clouds  of  other 
colours.  Bouguer  ascribes  this 
blueness  of  the  sky  to  the  consti- 
tution of  the  air  itself,  being  of 
such  a  nature  that  the  fainter  co- 
loured rays  are  incapable  of  mak- 
ing their  way  through  any  very 
considerable  portion  of  it. 

BODY,  or  Solid,  in  Geometry, 
has  three  dimensions,  viz.  length, 
breadth,  and  thickness. 

BODY,  iu  Physics,  is  a  solid,  ex- 
tended, palpable  substance;  of  it- 
self me  rely  passive,  and  indifl'erent 
either  to  motion  or  rest ;  but  capa- 
ble of  any  sort  of  motion,  and  all 
figures  and  forms. 

Bodies  are  eitlier  hard,  soft,  or 
plastic. 

A  hard  Body  is  that  whose  parts 
do  not  yi^ld  to  any  stroke  or  per- 
cussion, but  which  retains  its 
figure  unaltered. 

A  soft  Body  is  that  whose  parts 
yield  to  the  stroke  or  impression, 
without  restoring  themselves  again. 

An  elastic  Body  is  that  whose 
parts  yield  to  any  &Uo\&.e,  \>\i\.  vxvv 
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mediately  restore  themselves 
again,  and  the  body  retains  tiic 
same  figure  as  at  first. 

We  know  not,  however,  of  any 
bodies  that  are  perfectly  hard, 
soft,  or  elastic;  but  all  possess 
tlie.^e  properties  in  a  greater  or  less 
degree. 

BoDiEB  are  also  either  solid  or 
Jluid. 

A  solid  Body  is  that  in  which  the 
attractive  power  or  the  particles 
of  which  it  is  composed  exceed 
tlieir  repulsive  power,  and,  conse- 
quently, they  are  not  readily  mov- 
ed one  among  another;  and,  there< 
fore,  the  body  will  retain  any 
figure  that  is  given  to  it. 

A  fiuid  Body  is  that  in  which 
the  attractive  and  repulsive  pow- 
ers of  the  particles  are  in  exact 
equilibrio,  and  therefore  yields 
to  the  slightest  impression. 

jP/iifd  bodies  are  also  distinguish- 
ed into  nonelastic  and  elastic,  or 
fluids  properly  so  called,  and 
ariform  Jiuids  or  gases. 

nebular  Bodik*,  or  Platonic  Bo- 
dibs,  are  those  which  have  all 
their  sides,  angles,  and  planes, 
similar  and  equal,  of  which  there 
are  only  five,  vix, 

1.  Tetraedron,  con*  (4  equilateral 

tained  under       (     triangles* 

2.  Hcxaedrr<n,  *  •  •   6  squares. 

3.  Octnrdron,    •  •   •    8  triangles. 

4.  Dndccaedron, .   •  12  pentagons. 

5.  Icosaedron,  •  •  •  20  triangles. 
BOW    Compass,     for    drawing 

arches  of  very  Itirge  circles ;  it  con- 
sifts  of  a  beam  of  wood  or  brass, 
with  three  long  screws  that  govern 
or  bend  a  lath  of  wood  of  steel  to 
any  arch.  The  term  is  also  some- 
times used  to  denote  very  small 
compasses  employed  in  describing 
archs,  too  small  to  be  accurately 
drawn  by  the  common  compasses. 

BRACHYSTOCHRONE,  is  the 
name  which  John  Bernoulli  gave 
to  his  celebrated  problem  of  the 
•'  Curve  of  swiftest  Descent,'*  name- 
ly, to  find  the  curve  along  which 
a  body  would  descend  from  a 
given  point  A,  to  another  given 
point  B,  both  in  the  same  vertical 
plane,  in  ,the  shortest  time  pos- 
sible. 

At  first  view  of  this  problem,  it 
would  be  imagined  that  a  right 
80 


line,  as  It  is  the •hortett  path  from' 
one  point  to  another,  must  likewise 
be  the  line  of  swiftest  descent ;  but 
the  attentive  geometer  will  not 
hastily  assert  this,  when  he  con- 
siders, that  in'  a  concave  curve, 
described  from  one  point  to  ano- 
ther, the  moving  body  descends 
at  first  in  a  direction  more  ap- 
proaching to  a  perpendicular,  and 
consequently  acq  aires  a  greater 
velocity  tlian  down  an  inclined 
plane;  which  greater  Telociry  is 
to  be  set  against  the  length-of'the 
path,  which  may  canse  the  Iniily 
to  arrive  at  the  point  B  M>oiter 
through  the  carve  than  down  the 
plane. 

A  keen  contest  was  for  some 
time  carried  on  among  the  conti- 
nental mathematicians,  respecting 
the  solution  of  this  problem,  which 
was  first  accurately  given  by 
James  Bernoulli.  It  is  the  same  as 
the  cycloid. 

BRANCH  of  a  Curve,  in  Geeme- 
try,  is  a  term  used  to  denote  cer- 
tain parts  of  a  carve,  which  are 
infinitely  extended  without  return- 
ing upon  themselves ;  being  called 
also  infinite  branches  :  such  are 
the  legs  of  (he  parabola  and  hy- 
perbola. 

The  infinite  branches  of  curves, 
are  either  of  the  parabolic  or  hy- 
perbolic kind. 

Parabolic  Branchss  are  those 
which  may  have  for  an  asymptote 
a  parabola  of  a  superior  or  inferiof     . 
order :  thus,  for  example,  the  carve      f 
of  which  tlie  equation  is 

a       X  , 

will    have    an    infinite   parabolic  j 

branch,  which  will  have  the  com-  f 
mon  parabola  for  its  asymptote,  oi 

which  the  equation  is  y  =  -«,  For 

X  being  supposed  infinite,  the  ls>t 
term  vanishes,  and  the  equatiim 

becomes  simply  y  =  —j   which  i* 

a 
the  equation  of  the  common  psrs- 
boia. 

Hyperbolic  Brancrss,  are  tkose 
which  have  a  right  line,  or  an  hy* 
perbola  of  a  superior  or  inferior 
degree  for  their  asymptotCt  For 
example,  the  curve  whose 
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willistanding  an  exposure  at  inter- 
val!* o^  iiiaiiy  hoars. 
BUSHEL,    a   measure    for   dry 


goods,  wbiclr,  by  au  act  of  parlia* 
ment,  is  to  contain .  SlldO*4S  cubic 
inches. 


c. 


CALCULATION,  a  reckoning, 
the  result  of  Hriihmetical  opera- 
tion ;  in  allaision  to  the  calculi f  or 
little  stones,  used  by  the  antients  as 
we  now  use  figures. 

CALCULUS,  among  matbemati- 
cians,  denotes  a  certain  way  of 
pertorniing  mathematical  opera- 
tions, investigations,  &c.  Thus  we 
say  antecedental  esLlculaSf  dijff'eren- 
Ual  caicul  us^/ttMrtoiMi/calculus,  &c. 

Ck\.cMWh  oi  Derivations*  See 
Derivations, 

Calculus  Differentialis<,  Expo* 
ttentialis,  IntegraliSt  of  Partial 
Differences,  of  variations,  &c.  See 
Dijftreutial,  Exponential,  and  In- 
tegral. 

FluxUmal  Calculus.  See  FluX' 
ions. 

Literal  Calculus  is  the  same  as 
Algebra. 

Numeral  Calculus  is  the  same 
as  Arithmetic. 

CALENDAR,  Calbndasium,  or 
Kalkndar,  a  distribution  of  time 
accommodated  to  the  uses  of  life, 
or  a  table  or  almanac  containing 
the  order  of  the  days,  weeks, 
months,  feasts,  &c.  happening 
throughout  the  year.  The  word  is 
derived  from  calenda,  anciently  j 
written  in  large  characters  at  the 
head  of  each  month. 

The  days  in  the  calendar  were 
originally  divided  into  octades,  or 
periods  of  eight  days ;  but  after- 
wards, in  imitation  of  the  Jews, 
into  periods  of  seven,  agreeably  to 
the  Mosaic  law. 

The  Roman  Calendar  was  first 
formed  by  Romulus,  for  the  use  of 
his  fol  lowers  and  people.  The  year 
was  first  supposed  to  consist  of  only 
304  days,  which  was  divided  into 
10  mouths,  some  of  these  months 
contHining  20  days,  others  35  days, 
and  ftome  more :  it  began  with  the 
tirst  of'  March,  and  ended  with  De- 
cember. 

Nnma  reformed  this  calendar, 
and  added  the  months  of  January 
and  February,  making  it  to  com- 
mence on  the  lirst  of  January,  and 
to  consist  of  355  days.  But  as  this 
was  evidently  deficien .  of  iUe  true 
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year, 
of  45 


he  ordered  an  intercalation 
days  to  be  made  every  four 


years  in  this  manner,  viz.  every 
two  years  an  additional  month  of 
23  days  between  Febraary  and 
March ;  and  at  the  end  or  each 
two  years  more,  another  montli  of 
23  days ;  the  month  thus  interpos. 
ed  bemg  called  Macedouius,  or  the 
intercalary  Febraary. 

Julius  Cassar,  with  the  aid  of 
Sosigines,  a  celebrated  astronomer 
of  tho^e  times,  farther  reformed 
the  Roman  calendar,  from  whence 
arose  the  Julian  calendar,  and  the 
Julian,  or  old  style.  Finding  that 
the  sun  performed  his  annual 
course  in  165^  days  nearly,  he  di- 
vided the  year  into  365  days,  but 
every  fourth  year  308  days,  adding 
a  day  that  year  before  the  S4th  of 
February.  This  was  farther  re- 
formed by  order  of  Pope  Gregory 
XIII. ;  whence  arose  the  terms 
Gregorian  calendar  and  style,  tu- 
ne w  style. 

Gregorian  Ca  lend  a  e,  which,  by 
means  of  epacts  rightly  dispcwed 
through  the  several  months,  deter- 
mines the  new  and  fall  moons, 
with  the  time  of  Kaster,  and  the 
moveable  feasts  depending  upon  it. 
(knrrected  Calbmdab,  is  that 
which,  rejecting  all  the  apparatus 
of  golden  numbers,  epacts,  and  do- 
minical letters,  determines  the 
equinox, and  the  paschal  full  moon, 
with  the  moveable  feasts  depend- 
ing upon  it,  by  computation  from 
astronomical  tables.  This  calendar 
was  introduced  in  the  year  1709. 

CALENDS,  or  Kalemds,  in  the 
Rcmian  chronology,  the  first  dayof 
every  month. 

CALIBER,  or  Califbb,  propei^ 
denotes  the  diameter  of  any  nwiM 
or  cylindrical  body. 

Caliber,  or  Califer  Cowiptum, 
or  simply  Calipers,  a  sort  of  com- 
pass made  with  bowed  legs,  for 
the  purpobc  of  taking  the  diameter 
of  any  round  body,  or  of  a  cylin- 
der, whether  external  or  internal. 
CAMERA,  in  Optics,  a  name 
given  to  those  machines  or  contri- 
vances  by  which  the  images  of  ob* 
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jects  are  poartrayed  by  reflection 
upon  a  plane.  There  are  two  kinds, 
the  Camera  Lucida,  and  the  Came- 
ra Obscura. 

Camsra  Lucida.  The  instrnmenl 
now   known    by   this  name,   and 
"Which  is  the  invention  of  Dr.  Wol- 
laftton,  is  one  of  the  most  ingeni- 
oas  applications  of  optical  reflec- 
tion.   The  principal  part  of  it  con- 
Aists  of  n  glass  prism,  whose  sec- 
tion  is  similar  to  the   trapezium 
A,  B,  C,  E,  (Plate  II.  flg.  1.)  A  U  a 
right  angle,  C  is  obtuse,  and  B  and 
B  acute.  The  prism,  which  may  be 
about  i  inch  in   tbe  tide,  and  f 
long,  is  fixed  on  a  stand,  and  has 
over  the  angle  £  a  plate  of  metal, 
with  a  sighi>hole,  half  covered  by 
tile  angle  of  the  prism.    The' ray 
of  light  P  «,  coming  from  the  point 
P,  will  enter  the  face  AB  of  the 
prism   at  right  angles,  and  conse- 
quently undergo  no  refraction,  but 
proceed   in   a  straight  line,   and 
impinge  on  Um  face  BC,  at  a.  There 
it  will,   in    consequence   of   the 
smallness  of  the  angle  of  incidence, 
be  wholly  reflected,  and  again  im- 
pinge upon  the  face  CE  at  2»,  and 
tltere  be  again  reflected.    The  two 
angles  of    reflection   being  =  a 
right  angle,  it  will  pass  at  eight 
angles  through  AB,    to  the   eye 
«bove  the  sigtit  at  E,  and  thus  tne 
jx>int  P  will,  to  that  eye,  appear  to 
be  at  P  in  the  line  xy»     The  eye 
will,  at    tlie   same  time,  see  tHat 
line  through  the  point  of  the  sight 
which  is  uncovered  by  the  prism. 
If  now  any  object  be  substituted 
ior  P,  and  a  sheet  of  paper  for  xy, 
the  outlines  of  the  object  will  be 
seen,  and  can  be  delineated  on  the 
paper.    The  Camera  Lucida  is  ex- 
eeedingly   portable,    and    as   the 
image  is  not  reflected  or  refracted 
by  a  curve  surface,  the  whole  of 
it  is  equally  clear.    It  is,  however, 
difficult  to  procure   glass  for  the 
prism  completely  free  of  internal 
refractions.      A    convex    lens    is 
sometimes  placed  over  the  sight, 
for  the  purpose  of  magnifying  the 
image. 

Camera  Obscura.  This  instra- 
ment  is  formed  by  admitting  the 
light  into  a  dark  box  or  chamber, 
throagii  a  convex  lens,  from  a  con- 
cave mirror,  or  even  through  a 
small  hole,  and  the  image  when 
received  without  icOection  is  Ui'l 
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verted.  Let  AB  (Plate  II.  fig.  2) 
be  an  object  opposite  to  C.  a  lens 
in  one  side  of  a  dark  box,  the  rays 
from  it  will  fall  inverted  and  pro- 
duce on  the  opposite  side  the 
image  ha.  In  order  to  procure  a 
direct  image,  the  rays  are  made  to 
impinge  upon  a  mirror,  placed  at 
an  angle  of  45",  and  be  reflected 
from  that  upon  the  receiving  sur- 
face* In  observatories  the  Came- 
ra  Obscura  is  usually  made  with  a 
concave  mirror  placed  at  43%  and 
the  image  received  upon  a  convex 
table,  which  shews  all  the  parts 
equally  vivid.  Beautiful  instances 
are  to  be  seen  at  Greenwich,  and 
at  the  Calton-hill,  Edinburgh. 

Cancer,  TVopic  of,  a  small  circle 
of  the  sphere  parallel  to  the  equi- 
noctial, and  passing  through  the 
beginnmg  of  the  sign  Cancer. 

CAPILLARY  TiStSt  pipes  whose 
canals  or  bores  are  exceedingly 
narrow,  being  so  called  from  their 
resemblance  to  a  hair  in  size. 

One  of  the  most  singular  pheno- 
menon  of  these  tubes  is,  that  if 
you  take  several  of  them  of  dif- 
ferent sizes,  open  at  both  ends, 
and  immerse  them  a  little  way  in- 
to water,  or  any  other  fluid,  it  will 
immediately  rise  in  the  tubes  to  a 
considerable  height  above  the  sur- 
face of  that  into  which  they  are 
immersed. 

Anothelr  phenomenon  of  these 
tubes  is,  that  such  of  them  as  will 
naturally  discharge  water  only  by 
drops,  when  electrified,  yields  it 
in  a  perpetual  stream. 

CABDINAL  Points,  in  Geogra- 
phy and  Navigation,  ilie  four  prin- 
cipal points  of  the  compass ;  viz. 
east,  west,  north,  and  south. 

CARDIOIDE,  the  name  of  acurve 
so  denominated  byCastilliani,froni 
its  resemblance  to  a  heart,  nxpiuk', 
the  construction  of  which  is  as  fol- 
lows : 

Through  one  extremity  of  the 
diameter  of  the  circle,  draw  a 
number  of  lines  cutting  the  circle. 
Upon  these  set  off  without  the  cir- 
cle parts  equal  to  the  diameter ; 
then  the  curve  passing  through  all 
the  points  is  the  Cardioide. 

CARTESIAN    Philosophy.     The 
first  principle  of  the  Cartesian  phi- 
losophy  is   this,  "I  V.\\\uVl,  X>cvcxt- 
fore  1  am  ;**  vVi\h  ^s  \i\e  Iloxxu'^vv.uvjw 
HZ 
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of  Des  Gartes's  metaphysics :  that 
on  which  his  physics  is  bailt  is, 
'  That  nothing  exists  but  sub- 
stances."' Substance  he  makes  of 
two  kinds  ;  the  one  that  thinks,  the 
other  is  extended  ;  so  that  actual 
thought  and  actual  extension  make 
the  essence  of  substance.  The  es' 
sence  of  matter  being  thus  fixed  in 
extension,  Des  Cartes  concludes 
that  there  is  no  vacuum,  nor  any 
possibility  of  it  in  nature,  but  that 
the  universe  is  absolutely  full:  by 
this  principle,  mere  space  is  quite 
excluded ;  for  extension  being  im- 
plied in  the  idea  of  space,  matter 
IS  so  too. 

Motion  is  defined  to  be  the  trans- 
lation of  a  body  from  the  neigh- 
bourhood of  others  that  are  in  con- 
tact with  it,  and  considered  as  at 
rest,  to  (he  neighbourhood  of  other 
bodies:  by  which  the  distinction  is 
destroyed  between  motion  that  is 
absolute  or  real,  and  that  which 
is  relative  or  apparent.  He  main- 
tains that  the  same  quantity  of  mo- 
tion is  always  preserved  in  the  uni- 
verse, because  God  must  be  sup- 
posed to  act  in  the  most  constant 
and  immutable  manner;  and  hence 
also  he  deduces  his  three  laws  of 
motion. 

He  supposes  that  God  created 
matter  of  an  indefinite  extension, 
which  he  separated  into  small 
square  portions  ox  masses,  full  of 
angles  :  that  he  impressed  two  mo- 
tions on  this  matter ;  the. one,  by 
which  each  part  revolved  about 
its  own  centre ;  and  another,  by 
which  an  assemblage,  or  system 
of  them,  turned  round  a  common 
centre.  From  whence  arose  as 
many  different  vortices,  or  eddies, 
as  there  were  different  masses  of 
matter,  thus  moving  about  com- 
mon centres. 

The   consequence  of  these  mo- 
tions in  each  vortex,  according  to 
Des   Cartes,    is   as   follows:— The 
parts   of  matter   could   not   thus 
move    and  revolve   amongst    one 
another,  without  having  their  an- 
gles gradually   broken;  and   this 
continual  friction  of  parts  and  an- 
gles must  produce  three  elements: 
the  first  of  these  an  infinitely  fine 
dust,  formed  of  the  angles  broken 
off;    the   second,  the   spheres   re- 
wajniag  after  all  the  angular  parts 
are  thus  removed ;  and  those  par-\ 
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tides  not  yet  rendered  smooth  an^ 
spherical,  but  still  retaining  some 
of  their  angles  and  hamoas  parts 
from  the  third  element. 

Now  the  first  or  subtilent  ele- 
ment, according  to  the  laws  of 
motion,  must  occupy  the  centre  of 
each  system,  or  vortex,  by  reason 
of  the  smallness  of  its  parts  :  and 
this  is  the  matter  which  constitutes 
the  sun,  and  the  fixed  stars  above, 
and  the  fire  below.  The  second 
element,  made  up  of  spheres, 
forms  the  atmosphere,  and  all  the 
matter  between  the  earth  and  the 
fixed  stars,  in  such  sort,  that  the 
largest  spheres  are  always  next  th« 
circumference  of  the  vortex,  and 
the  smallest  next  it«  centre.  The 
third  element,  formed  of  the  irre> 
gular  particles,  is  the  matter  that 
composes  the  earth,  and  all  terre^ 
trial  bodies,  together  with  comets, 
spots  in  the  sun,  Ac. 

He  accounts  for  the  gravity 
of  terrestrial  bodies  from  the 
centrifugal  force  of  the  ether  re> 
volving  round  the  earth :  and  up* 
on  the  same  general  principles  he 
pretends  to  explain  the  phenome- 
na of  themagnet,  and  to  account  for 
all  the  other  operations  in  nature. 

CATACAUSTIG  Curves,  in  the 
higher  Geometry  and  in  Optics,  are 
the  species  of  caustic  curves  form- 
ed by  reflection,  which  are  gen» 
rated  in  the  following  manner:  If 
there  be  an  infinite  number  of  rays 
proceeding  from  the  radiating 
point,  and  reflected  by  any  given 
curve,'  so  that  the  angles  of  inei* 
dence  be  equal  to  the  angles  of  re* 
flection  ;  then  the  curve  to  which 
the  reflected  rays  are  always  taii> 
gents,  is  the  catacaustic  or  caoslic 
by  reflection :  a  caustic  cmrve  is 
that  formed  by  joining  the  points 
of  concurrence  of  the  several  re* 
fleeted  rays. 

If  the  reflected  ray  be  produced, 
so  that  it  becomes  equal  to  the  in* 
cident  ray,  the  curve  formed  will 
he  the  e volute  of  the  caustic,  be 
ginning  at  thepoint  where  the  first 
ray  enters ;  and  the  portion  of  the 
caustic  intercepted,  is  the  diffn^ 
ence  of  the  two  incident  rays  add* 
ed  to  the  difference  of  the  two  re- 
flected ones. 

When  the  generating  carve  is  a 
geometrical  one,  the  caustic  will  be 
&0  Vio,  «\i^  NvW\  «.V<Mav«  be  fWtifr      ' 
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able.  The  caustic  of  the  circle  is 
a  cycloid,  or  epicyploid,  formed 
by  the  revolution  of  a  circle  upon 
a  circle. 

If  the  inside  of  a  smooth  bason, 
containing  in  it  any  white  liquor, 
as  milk,  be  placed  in  the  sun's 
rays,  or  in  a  strong  candle-light,  it 
will  exhibit  a  very  perfect  cata- 
caostic  curve. 

CATENARY,  Catknaria,  in  the 
higher  Geometry,  a  mechanical 
curve,  into  which  a  ciiain  or  rope 
forms*  itself,  by  its  own  weight, 
when  hung  freely  between  two 
points  of  suspension. 

The  equation  of  this  curve  is 
y  =  a  X  hyp.  log.   :z — •:z  *  o' 


y  =  a  X  hyp.  log. 


x  —  x 


CATOPTRICS,  that  branch  of 
Optics  which  illustrates  the  laws 
and  properties  of  light,  reflected 
from  mirrors  or  specula.  See  the 
ajptioles  R^fiedUm,  Wrror,  Light, 
and  Fisian, 

Catoptsic  Telescope,  the  same 
as  R^cting  Tklbscopk. 

Cbntbal,  something  relating  to 
centre. 

Cbmtbal  Forces  are  those  forces 
which  tends  directly  to  or  from 
a  certain  ppint  or  centre  ;  being 
called,  in  Uie  former  case,  centri' 
petal  force,  and  in  the  latter,  cen- 
trifmgiU* 

The  doctrine  of  central  forces 
depends  on  the  first  Newtonian 
Jaw  of  motion  ;  vix,  "  Every  body 
perseveres  in  its  state  of  rest,  or 
uniform  motion  in  a  right  line, 
until  a  change  is  effected  in  it 
by  the  agency  of  some  external 
force.** 

M.  de  Moivre,  in  his  "  Miscel. 
Analyt."  p.  231,  as  well  as  in  Phil. 
Trans,  has  treated  on  this  subject, 
and  to  him  we  owe  many  elegant 
theorems  relating  to  the  doctrine 
of  central  forces.  Yarignon,  Ma- 
claurin,  Simpson,  Euler,  Emerson, 
and  de  I'Hopitai,  &c.  have  treated 
on  this  subject;  to  the  latter  of 
whom  we  owe  the  following  gene- 
ral and  comprehensive  proposi- 
tion ;  vix» 

If  a  body  of  any  determinate 
weight  move  uniformly  round  a 


the  contri- 
forces  are 


its  centrifugal  force  may  be  com- 
puted by  this  proportion : 

As  the  radius  of  the  circle  it  de- 
scribes. 

Is  to  double  the  height  due  to 
its  velocity ; 

So  is  the  weight  of  the  body, 

To  its  centrifugal  force. 

So  that  if  6  represent  the  weight 

of  the  body^  and  2  j»3s|  the 
force  of  gravity,  v  it^  velocity,  and 
r  the  radius  of  the  curve ;  we  shall 
have,  from  the  laws  of  falling 
bodies, 

4««:  •«s»|r:^*lhe   height 

due  to  its  velocity.  Whence,  by 
the  above  proportion, 

r:r—  =  b:  r—=/,  the  centrl- 
^      2g  asgr    •" 

fugal  force. 

Consequently,  when 
petal  and  centrifugal 
equal,  the  velocity  of  the  body  is 
equal  to  that  which  it  would  ac- 
quire in  falling  through  half  the 
radius. 

2.  The  central  force  of  a  body, 
moving  in  a  circle,  is  as  the  versed 
sine  of  an  indefinitely  small  arc*  or 
it  is  as  the  square  of  that  arc  direct- 
ly, and  as  the  diameter  inversely. 

S.  If  two  bodies  revolve  uniform- 
ly in  different  circles,  their  central 
forces  are  in  the  duplicate  ratio  of 
their  veiocities  directly,  and  the 
diameters  or  radii  of  the  circles 
inversely ; 

thatis,F:/=^:-=^:. 

4.  And  hence,  if  the  radii  or 
diameters  be  reciprocally  in  the 
duplicate  ratio  of  the  velocities, 
the  central  forces  will  be  recipro- 
cally in  the  duplicate  ratio  of  the 
radii,  or  directly  as  the  fourth 
power  of  the  velocities  ;  that  is,  if 
V»:  *8=r:  R,then  F:/=»«;R« 
=  V* :  V*. 

5.  The  central  forces  are  as  the 
diameters  of  the  circles  directly, 
and  squares  of  the  periodic  times 
inversely.  For  if  c  be  the  circum- 
ference described  in  the  time  t, 
with   the    velocity  v;    then   the 


space  c  =  tv,  or 


c 

""1 


hence. 


centre,  with 


any  given  reiocity,/ rule,  it  becomes 


using  this  value  of  «  in  XXve  \>qXx^ 
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).  If  tbe  vciuciiia  b>  ririinu' 
cilly  u  the  dimncct  ftom   ilie 

reciprociilly  u  \be  cuius  ofihe 
wjiiedutAnce*.  w  directly  u  Iho 

cuhesofthevrlMitiefc   fbit  ii,  iJ 


r:  R,  ih«iliT<:'<>=B9:f^. 

0.  WlwKfuie,  it  the  tunt^t  b 
reciprocally  u  the  iqiiires  □(  Ils< 

cubet  of  the  duiWDCCi;  nr  wlirj 

From  the  preceding  Ihearemi, 
pi-iiadic  time  of  a  body  n:>  ulvjiie 

•h* 'pMe  Oiruueh  which  a  Leavj 

or  lok  feet;  then  S  t  «iU  mea 

"ilIfKB^  .u"r  taini' ™!?niVd  'igr 
the  earlh't  ndlBa,  the  velocily  uf 
tlie  body  In  >  circfs  at  iu  tiinut-- 
in  nne  leesiKl,  will  be  t:  Moo  fi 
ntnrly  ;  tbe  nuliut  of  Hie  eu 

Anuin,  pnitioE  s  =  I'lUsS,  t 
Itl  now  R  reprcKdt  tbe  iiidi 


the  periodic   Uino    is   ilie   t 


we  liive  Ihcrefon 
MQSo  jA  =  tUHe 

tbe  yeloSiy. 


^iTeti  I  or  their  peilodlc  lltnei  bfr 


the  inn,  belog  tuppoied 
It  inity  be  proper  to  Ob 


B°for  ellpw 


II  of  Attrvcilm  at  ■ 


Wlhkt  point  In  whicl 


bod;,  Ih*     ui(iiliir  velocity  dc 
•IToy«d  bjr  it*  rrictlnn  would   be 

■irajad  [b  the  «irgn  body  t^  ia 

of  Gratlti  a(  any  bod^f , 


hsd 

bSu 

of  Briviljr,    will 

''ur«ff'l"l'.n' 

lorn 

ins   hrough  the  ceolte 

be  1 

a-r-^jr; 

or  .y 

bodii 

r.S£Sx?' 

Gruvi 
iionl 

^  ..  diipote  the  body  ii 
ecHlvely  in  two  uuaitloni  uf  eqn 
briuin,  5y  Ibe  >iS  of  twu  forcei 
Teniul  db-ectloui,  applied  Id  » 


iniTlty  be  one  foot  fram  «  ud  two 
Prop',  t.  To  and  Ihe  aentn  o( 

Bliecl'any  two  ofiu  lidei,  driHr 

!  the  tentre  of  grtYily :    for.  u 


lUey  meet, 
Pipp.  ..  To  , 


.    ivltyol       ,  .    .     „ 

Divfde  it  InlolnnnglM,  find  Ihrir 
venire,  of  gr.vuy.  ^n  them,  ud 
he  reiDlt  will  6e  ■  new  tfatt. 
living  fewer  ildei.  Repeat  iMt 
Fpcralion  till  the  fiinre  be  ndoeed 


GmmlLaaiaftkt  Omtlriff 
Prop.  I.  To  «nd  the  eentrc  of 


wctive     perpend  ica^    ditunca 


■vity  from  the  plane. 

Froin  till)  .nay  be  derived  ■  ge- 

ml  uelliud  bir  budine  Uk  UBUe 


«rEraTllyoriiiTH«niDrbodiH.F 

A,  U,C,&c.(ll>eb«lictefUi**^ 

(leriiary  panicteg  or  n  body,  vtiw? 
,«m  or  ™.  i.  M  =  A  +  6  +  C+, 

*oV  Ihe   Hveral'  niominfa  uf   drt 

ted.    Bui 

iurif  lota  ttvcnl  eues/ueaniiiie 
u  II  i>  [cqnlrcd  to  And  the  ccnirc 
nf  gravity  of  ■  mild,  or  ■  plane 

Prop.  3.   To   Snd   lhe''MnirB  of 

una,  jg/id,  nr/tei  if  a  lofld,  or 

LetALT(Piate  II.  flu.  Dbtany 
tqrvc,  BL  lh=  aiJ>.   In  which  tlu- 


Put  LN  =  z.  IN  =  •,  IL  =  I, 

and  dia..  PQ  parallel  to  IF;  Uieii 
If  WE  conglder  this  body  lo  henuulc 

Siiuncc  ftoin"pQ*tU  jnin  ot  Ijl 

«h°n  b.^y°Kr»ill'eiv8  />  tllp 
.liMBDce  of  ihB  oeolte  of  gravity 


Poe  i  for  the  (loilon  o(  the  bods' 
at  tbe  ditlancB  LN,  or  z,  then  uifl 
X  i  be  the  flaiionaf  the  atuu  of  aJt 
iheproducUi  alw,  i  tliefluxtnn  of 


imp]  a  nnjact  tf  tin 


lowing  bodiei.  .    .     „  „ .,  . 

for  the  line  julninB  the  rerui  ud 

A  plain  triangle  =  |  a>  ftointhc 
Anglitcone       =lfl|    nnei. 

=  I  niliuh  to  the  distance  of  cca- 
Ireoferartty  ftom  the  oenlte. 

The  alltladeot  theaesmentofa 
inc  repreienled  by  a,  an.l 'the 
whole  alia  by  a,  tlie  dtttanea  ot 
the  eentre  of  graflly  In  each  of 
ihete  bodlei  from  the  vertex  «ill      ' 

The aphereoc ipheroid ^  Z,~A 
BenitepherearKniUpheiroid=|i     j 
Parabolic  conoid  = {[      I 

Hypeibolic  conoid  =  ...  Jl±if 
Oa  +  W 
In  nief  hanieal  qneitlocu,  the  eta-  I 
tre  of  eravity  of  thia  belne  foairi,  t 
the  whole  body  la  conaidered  ai  r 
eondcnaed  into  tint  aliuile  tnioi.  I 
In'  which  meani 
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collected,  a  given  force  applied  at 
a  given  distance'  woald  produce 
ihe  same  angular  velocity  in  the 
»ame  time  as  if  the  bodies  were 
disposed  at  their  respective  dis- 
tances. This  point  differs  from  the 
centre  of  oscillation  only  in  this, 
that  in  the  latter  case  the  notion 
is  produced  by  the  gravity  of  the 
body ;  bnt  in  the  former,  the  body 
is  put  in  motion  by  some  other 
force  acting  at  one  place  only. 

To  determine  the  Centre  of  Gyration, 

Let  A,  B,  C,&c.  (Plate  II.  fig.  4,) 
be  the  bodies  which  together  form 
a  system ;  P  the  givbn  force  appli- 
ed at  D ;  R  the  centre  of  gyration. 

Then   the   force  which   accele- 
rates D,  while  these  bodies  are  at 
their  respective  distances,  is  ' 
P  X  SD« 

AXSA»4-BX«B«+CxSC»-f-» 

Let  the  whole  mass  be  collected 
in  R ;  and  the  accelerating  force 
upon  D  is 
^    PXSD« 

(A  +  B  +  C+,&c.)XSR« 
Bnt  since  P,  and  the  angular  ve- 
locity  of  D,  arc  by  the  definition 
the  same  in  both  cases,  the  abso- 
lute velocity  of  D  is  the  same,  and, 
therefore,  the  accelerating  force 
upon  D  most  be  the  same ;  that  is. 
Pxspg ' 

A  X  SAa+  B  X  8Bx-f  ,  &c.^ 
PX»D» 


A  +  B+C+,&c.iXSR;i 
enee  SR  = 


Wh^ 

,  /A  X  SA«+B  X  SB«-f ,  &c.\ 
^V  A  +  BfC+,&c,;~/ 

Consequently,  if  1  be  the  fluxion 

of  the  body  at  the  distance  x  from 

the  axis, 

SR=V^!!fL£L' 

s 

This,  in  the  case  of  a  right  line, 
becomes 

In  a  circle,  or  cylinder,  revolv- 
ing about  the  axis,  =  radius  X  \/4. 

The  periphery  of  a  circle,  about 
tlve  diameter,  =  radius  X  y/i. 

A  wheel  with  a  very  thin  rim, 
revolving  about  iu  axle,  =  radius. 


The  plane  of  a  circle,  about  the 
diameter,  =  )  radius. 

The  surface  of  a  sphere,  about 
the  diameter,  =  radius  X  V|. 

A  globe,  about  the  diameter,  = 
radius  X  Vf* 

In  a  cone,  about  the  axis  =  ra- 
dius X  y/^. 

The  distance  of  the  centre  of  gy- 
ration from  the  axis  of  motion,  is 
a  mean  proportional  between  the 
distance  of  the  centre  of  gravity 
and  centre  of  oscillation  from  the 
same  axis.  Hence,  when  any  two 
of  these  distances  are  known,  the 
third  may  be  readily  determined. 

CxMTRK  of  Magnitude,  is  the 
point  which  is  equally  distant  from 
the  similar  external  parts  of  a 
body. 

CxMTRx  of  Motion,  that  point  in 
a  revolving  body  which  remaina 
at  rest. 

Cbntrk  of  Oscillation  is  tliat 
point  in  the  axis  of  suspension  of 
a  vibrating  body,  in  which,  if  all 
the  matter  of  the  system  were  col- 
lected, any  force  applied  there 
would  generate  the  same  angular 
velocity  in  a  given  time,  as  the 
same  force  at  the  centre  of  gravi- 
ty,  the  parts  of  the  system  revolv- 
ing in  their  respective  places. 

Let  several  bodies  osciflale  about 
a  point  of  suspension,  as  if  the 
mass  of  each  were  concentrated 
into  points  referred  to  the  same 
plane  perpendicular  to  the  axis  of 
motion.  Then  the  gravity  of  each 
of  tliem  may  be  decomposed  into 
two  forces,  of  which  the  one  pass- 
ing through  the  centre  of  suspen- 
sion is  destroyed  by  its  resistance  ; 
and  so  the  other,  perpendicular  in 
direction  to  the  former,  is  alone 
efficacious  in  moving  the  body  or 
system.  Now  gravity  tends  to  im- 
press the  same  velocity  upon  the 
points  in  the  vertical  direction  ; 
which  velocity  we  shall  denote  by 
g-,  and  by  m,  n,  p,  the  sines  of  the 
angles,  which  the  supposed  inflex- 
ible bars,  joining  the  bodies  with 
the  centre  of  suspension,  form  with 
the  perpendicular.  Drawing  lines 
parallel  to  this  perpendicular,  and 
each  equal  to  g,  they  will  repre- 
sent the  accelerating  forces  of  the 
bodies,  or  the  spaces  which  they 
1  woald  describe  in  the  fix«x  \kq\\.  qI 
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top.,  e»,  wdgp.    Hen«  It  fol- 


Let  m  lepntent,  by^,  B,  C, Die 
^^h°ir  dittin^  fininuie  polui 
•If  idlpFnihin,  snd  by  >,  0,  }>,    Lfae 

IwAa,  HS.Cr.  which  inuitbEin 

liiird  L»  the  point  of  aoAiKnAiDn  ig 

WE  ihsJl  Im.e 
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o.(„-'/)...  ...*„.. 


■rltcully    Ihroueh    tlic     puinl   of 

ndi'cnlLw'uie'^w^  liner  ¥\'i 
"Eigliu,  rererred  ui  the  paiiilof 

leh  the  centre  of  graiity. 


Ihe  veni™l :  in  Bccelecailii.  force 
vhen  illBo™_.id,lyi.g.;%  the 
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^"'"i+'B"+C)g*r»_ 
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relatively  to  the  vertical,  that  is 
(o  say,  wliatever  be  s  aod  r,  the 

ratio  —  is  therefore  constant ;  and 

r 
consequenlly  we  have  at  the  same 
time  r  =  0,  #  =  0 ;  which  shows 
that  tlie  centre  of  oscillation,  the 
centre  of  gravity,  and  the  point  of 
suspension  are  in  one  and  the  same 
rig  kit  line.  Hence  it  results  that 
s  =  r,  and  that 

—    Ag«-}-  B6»4-Cc« 

'-     (A+  b  +  c;a  • 

The  same  kind  of  reasoning  ap- 
plies exactly,  however  many  tlie 
nninber  of  particles  may  be :  there- 
fore, to  find  the  centre  of  oscilla- 
tion of  a  system  of  particles  or  of 
bodies,  we  must  multiply  the 
weight  of  each  of  them  by  the 
square  <if  its  distance  from  the 
point  of  suspension,  and  divide 
the  sum  of  these  products  by  the 
weights  multiplied  by  the  distance 
of  the  centre  of  gravity  from  the 
centre  of  suspension  :  this  Quotient 
expresses  the  distance  of  tJie  cen- 
tre of  oscillation  from  the  point  of 
suspension  measured  on  the  conti- 
nuation of  the  line  joining  the  cen- 
tre of  grnviiy  and  that  point. 

Call  S  the  point  of  suspension,  O 
the  centre  of  oscillation,  or  SO  tlie 
distance  of  the  centre  of  oscilla- 
tion from  the  point  of  suspension  ; 

also  let «  be  the  fluxion  of  the  body 
at  the  distance  x  ;  then  the  above 
formula  becomes 

so=  -^        .. 

fiu.  X  a 

As  an  example,  let  it  be  proposed 
to  find  the  centre  of  oscillation  of 
a  right  line,  or  cylinder,  suspended 
at  one  end. 

In  this  case 

^^      Jlu.afix     I  ** 

SO  =  - r= = 

y?u.  XX     ^  X 

that  is,  the  centre  of  oscillation  is 
f  of  the  whole  length  from  the 
]K>int  of  suspension. 

If  the  centre  of  oscillation  be 
made  the  point  of  suspension,  the 
point  of  suspension  will  become 
the  centre  of  oscillation. 

Ckmtrk  of  Percussion,  in  a  mov- 
.ng  body,  is  that  point  where  the 
percussion  or  stroke  is  the  greatest. 
sn 


%x 


in  which  the  whole  percntient 
force  of  the  body  is  supposed  to 
be  collected. 

When  the  percuti^nt  body  re- 
volves about  a  fixed  point,  the  cen 
tre  of  percussion  is  the  same  with 
the  centre  of  oscillation.  For  in- 
stance,  when  the  body  moves  with 
a  parallel  motion,  or  all  its  parts 
with  the  same  celerity,  then  the 
centre  of  percussion  is  the  same 
as  the  centre  of  gravity. 

Ckmtrk  of  Position,  in  Mecha- 
nicsi  denotes  a  point  of  any  body, 
of  system  of  bodies,  so  selected, 
that  we  may  properly  estimate 
the  situation  and  motion  of  the  bo- 
dy,or  system,  by  thoseof  this  pr>int. 

CxNTBK  of  Pressure,  is  that  point 
against  which  a  force  being  applied 
equal  and  contrary  to  the  whole 
pressure,  will  sustain  it,  so  as  that 
tlie  body  pressed  on  will  not  in- 
cline to  either  side. 

Ckntrb  of  spontaneous  Rotation, 
is  that  point  which  remains  at  rest 
the  instant  a  body  is  struck,  or 
about  which  the  iiody  begins  to 
revolve. 

CENTRIFUGAL  Force,  is  that 
by  which  a  body  revolving  about 
a  centre  or  about  another  body, 
has  a  tendency  to  recede  from  it. 

CENTRIPETAL  f^ce,  is  that 
by  which  a  body  is  perpetually 
urged  towards  a  centre,  and  there- 
by made  to  revolve  in  a  curve  in- 
stead of  a  right  line. 

CENTRIPETATION,  a  term  used 
by  Sir  Richard  Phillips  to  indicate 
the  tendency  which  bodies  or  pla- 
nets, and  parts  of  planets,  have  to 
fall  or  move  towards  their  centres, 
which  tendency  he  ascribes  to  the 
orbicular  and  rotatory  motions  of 
the  entire  masses.  He  uses  the 
term  Centripetation,  as  descriptive 
of  the  UH:al  effect,  to  avoid  the 
ambiguity  of  the  term  Attraction, 
which  is  used  to  express  a  cause, 
and  th  e  term  univerjoi  Gravitation, 
used  to  express  a  universal  cause ; 
which  cause  is  local  and  parti- 
cular in  each  planet,  as  resulting 
from  its  own  motions.  Centripeta- 
tion, therefore,,  according  to  the 
new  system,  is  a  local  effect,  pro- 
ducing aggregation  in  the  plane- 
tary masses,  while  the  mutual  ac- 
tion and  re-action  of  distant  pla- 
nets, and  of  the  sun  on  xV\e  p\au«v%» 
i 
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and  the  re-actlons  of  tlie  latter 
arise  from  their  several  and  re- 
spective impalses  on  the  medium 
of  space  within  which  they  are 
situated.  Of  coarse,  the  diverging 
action  and  re-action,  through  a 
gazeous  medium,  is  inversely  as 
the  squares  of  the  distances,  and 
directly  on  the  masses;  and  hence 
the  laws  of  the  two  systems  accord 
with  each  other  and  with  nature, 
thougi)  tlie  explications  are  very 
di/Terent. 

CENTRO  Barycot  is  the  same  as 
the  Centre  of  Gravity. 

CENTRO  BARYC  Method,  in  Jile- 
chanics,  is  a  method  of  measuring 
or  determining  the  quantity  of  any 
surface  or  solid,  by  considering  it 
as  generated  by  motion,  and  mul- 
ti{)iying  the  generating  line  or  sur- 
face into  the  path  of  its  centre  of 
gravity,  viz. 

Every  figure,  whether  superfi- 
cial or  solid,  generated  by  the  mo- 
tion of  a  line  or  surface,  is  equal 
to  the  product  of  the  generating 
magnitude  into  the  path  of  its  cen- 
tre of  gravity. 

CERES,  the  name  given  by 
Piazzi,  of  Palermo,  to  a  planet 
which  he  discovered  on  the  Ist  of 
January,  1801. 

Elements, 

Inclination  of  orbit  (M  10'  36>  57" 

Node 2    21      0    44 

Epoch  of  1801  .  •  2  16  28  0 
Mean  anomaly  •  3  15  55  0 
Aphelion  •  •  •  •  10  26  27  38 
Eccentricity     •   •  0.08^5017 

Equation    •  •  •  •  0^  28^ 

Distance    •  •  •  •  2.735a 

Revolution    •  •   •       IBBl^  iV^  Qm 

CHAIN,  an  instrument  used  in 
surveying,  of  which  there  are  dif- 
fercnt  kinds;  but  that  which  is 
most  commonly  employed  for  this 
))nr)K)se,  is  the  Gunter  chain,  so 
called  from  the  name  of  its  inven- 
tor. 

This  chain  is  4- poles,  or  66  feet 


Ion 


o* 


and   is    divided    into    100 


parts  or  links,    each  link    being 
7.92  inches  in  length  ; 
i  square  chain  =  10,000    links  = 
16  poles 
10  sqiiiire  chains  =  100,000  links  = 
160  poles  =  1  acre. 
Hence  we  have   the   following 
easy  method  of  converting  links 
or  chains  to  acres. 


From  the  number  of  Inxks  imint 
off"  5  figures  to  the  right-hand  for 
decimals,  and  those  on  the  left 
will  be  acres. 

CHALDRON,  an  English  dry 
measure  of  capacity^  mostly  used 
in  measuring  coals.  The  chaldron 
contains  36  bushels,  and  it  weighs 
about28cwt.  By  act  of  parliament, 
the  Newcastle  chaldron  is  524  c^*^ 

CHANCES,  a  branch  of  analy. 
sis,  which  treats  of  the  probability 
of  events  taking  place,  by  contem- 
plating the  diflereut  ways  in  which 
they  may  happen  or  fall. 

The  probability  of  an  event  is 
the  ratio  of  the  chance  for  its  hap- 
pening to  all  the  chances,  both  for 
its  happening  and  failing. 

The  expectation  of  an  event,  is 
the  present  value  of  any  sum  or 
thing  which  de|  ends  either  on  the 
happening  or  on  the  failing  uf 
such  an  event. 

Events  are  independent,  when 
the  happening  of  any  one  of  them 
neither  increases  or  lessens  the 
probability  of  the  rest* 

Pro]^,  1.  If  an  event  may  take 
place  m  n  different  ways,  and  each 
of  these  be  equally  likely  to  hap- 
pen, the  probability  that  it  will 
take  place  in  a  specified  way  is 

properly  represented  by  --9    cer 

tainty  being  represented  by  unity 
For  the  sum  of  all  the  probabi- 
litiesis  ceitainty,  or  unity,  becau^ 
the  event  must  take  place  in  some  ! 
one  of  the  ways,  and  the  probabi- 
lities are  equal,  therefore  each  of 

them  is  — *    And  if  the  certainty      ^ 
n 

be  a,  the  value  of  the  expectation 

will  be  — • 
r» 

Prop.  2.  If  an  event  happen  in 
a  ways,  and  fail  in  b  ways,  all  be- 
ing equally  probable,  the  chance 

of  its  happening  is  — r—r-f    and  of 

a  -f-  o 

failing   -• 

a  f  o 

Thus,  the  probability  of  cattiBff 

an  ace  with  a  single  die  in  dae 

throw  is  -79  of  casting  an  ace  or 
deuce  is  ~9  and  so  on. 

6 


( 


tenaiiie  IhepmbKbihly 


Pnp.  I.  If  iwr 
pmbalhlUy  thmt 


— ;  udihcprotMbilitrili 
X  will  tappen  be  -»  ihe 


In  vbtcK  a 


Hcn»:  irtkercbeuii' 
biliiy  (IhU  lb«y  will  all  hl^^. 

"S&.  I.  Wh»t"ii'7h«  chul 
Jju.  Each  Is  -ptliciclbi 


.&'v.r 


CHANGBS,  in  laatktmatin,  de- 
i..-y  Ukc  place  ("Ae^wdet  or 
IhinEi ;  and  ii  dutingnltbed  from 


CH  AROE,  In  SUclricUf,  the  inp. 
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CHlKSl,ln(}uuun,litbcquui. 
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ptDCkl  tn^upliote  ratio  uf  tlie 
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plicci ;  and  Laenv,  In  IM  i  thai  i>, 


C  I  & — C  X  II 


31415.99aS3vnoro,3SaM/nM3^3S7. 
95<»8^197,1<»39,03751,O58SO^494, 
45OX3,O7gl6,4Ofl28,62Q69;06O28,O3482, 
53421 ,17067,06214,80805,13372,30064, 
70938,446  +  or  447  — 

Lord  Broanker  found  the  ratio 
of  the  square  of  the  duuneter,  to 
the  area  of  a  circle  in  a  continaed 
fratction,  to  be  as 

2  +  25 

If  the  diameter  of  a  circle  be 
1,  and  c  be  uken  to  represent  the 
circamference;  then 

c  =  4(l--  +  ---  +  --. 

•^  &c*  I 

11      / 

V        3«3      5-3«      7'3>  ' 

^"~  vrir3'*'rF5'~3T7'^ 

Circles  of  the  higher  Orders  are 
curves,  the  propeiiies of  which  are 
expressed  by  the  following  equa- 
tions : 

ar"  :  y»;  =  ty  ;o~-j:,or y«+  I  =r 

«"• :  y'»;  =  :y«;a— ^.n.  or  y"»  "4*  •» 

=:  x"*  a  —  x)« 
where  a  is  the  axis,  x  the  absciss, 
and  y  the  ordinate.  Carves  de- 
fined by  this  equation  will  be  orals, 
when  m  is  an  odd  number.  But 
when  m  and  n  are  eacli  equal  to 
one,  the  equation  becomes  Uiat  of 
tlte  common  circle. 

Circle  of  Curvature  in  Geome- 
try, that  circle,  the  curvature  of 
which  is  equal  to  that  of  any  curve 
at  a  certain  point.  See  Radius  of 
Curvature. 

C  IRC  LPS  of  the  SpJierCg  either 
great  or  nmall. 
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A  great  Ciiclb  of  the  Spfiere,  u 
that  which  divides  it  into  two 
equal  parts  or  hemispheres,  having 
the  same  centre  and  diameter  with 
it;  as  the  horiaon,  meridian,  &c. 

A  small  of  the  Sphere,  divides 
the  sphere  into  two  unequal  parts,  > 
having  neither  the  same  centre 
nor  diameter  with  the  sphere ;  its 
diameter  being  only  some  chord 
of  the  sphere  less  than  its  axis. 
Such  as  the  parallels  of  latitude,  ^c. 

CiBCLBs  of  Attitude,  Parallels 
to  the  horizon. 

Circles  of  Z)ec/<iuiftoA,  are  great 
circles  intersecting  each  other  in 
the  poles. 

JHumal  CiRGLESj  are  parallels 
to  the  equinoctial,  supposed  to  be 
described  by  the  stars,  and  other 
points  of  the  heavens,  in  their  ap 
parent  diurnal  rotation  about  the 
earth. 

It  may  here  be  observed,  that 
most  circles  of  tiTe  sphere  are  trans 
ferred  from  the  heavens  to  the 
earth  ;  and  have  thus  a  place  in 
geography,  as  well  as  in  astro- 
nomy ;  all  the  points  of  each  circle 
being  conceived  as  let  fall  perpen* 
dicnlarly  on  the  surface  of  the 
terrestrial  globe,  and  hence  trac 
ing  our  circles  perfectly  similar  to 
them. 

Circle  of  Illumination ,  a  circle 
passing  through  ihe  centre  uf  the 
earth  or  moon,  perpendicular  to 
a  line  drawn  from  tne  sun  to  the 
respective  body. 

Circles  of  Celestial  Latitude, 
are  great  circles  perpendicular  to 
the  plane  of  the  ecliptic,  passing 
through  its  poles,  and  through 
every  star  and  planet 

Circle  oi perpetual  Apparition, 
one  of  the  less  circles,  parallel  lu 
the  equator ;  described  by  any 
point  of  the  sphere  touching  the 
northern  or  southern  point  of  the 
horizon;  and  cai^ied  about  with 
the  diurnal  motion. 

Circle  of  perpetual  Occult ation, 
is  another  circle  at  a  like  distance 
from  the  equator ;  and  coniain!)  all 
those  stars  which  never  appear  at 
the  place  to  which  it  refers. 

Po^or  Circles,  are  at  a  distance 
from  the  poles  equal  to  ihe  j;reat- 
est  declination  of  the  ecliptic. 

CIRCULAR,  any  thing  relating 
to  the  circle. 
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Circular  Are,  any  part  of  the 
circumference. 

To  find  th€  Lengths  of  (hreular 
Arcs. 

Let  r  represent  the  radius,  d  the 
diameter,  c  the  circuhiference  of 
the  circle,  s  the  sine  of  the  arc, 
and  V  the  versed  sine  of  the  half 
arc,  and  m  its  measure,  in  degrees, 
&c. ;  then 

1.  The  arc  =rmX  *0174533. 

2.  The  &rc=%y/dv\  1  +  -r^r 


or 


^*^  2.3      ^  4.5     ^ 

??C,&c. 
67 

where  9  =  -^  >  <^nd  A,  B,  C,  &c.  are 

the  1st,  Sd,  3d,  &c.  terms. 

3.  The  arc  =  2*  X  }  1  + 


8** 


SSjO 


ff.2.4f4      r.2.4.er« 


3.3r3  ' 
Ac»i  or 


+  ^D,&C. 
where  q  =  -  ;  and  A,  B,  C,  D,  &c. 

r* 

the  preceding  terms. 

To  which  may  be  added  the  fol- 

lowing  approximations : 

.    3o 
4.  The  arc  =  2d  y/^ nearly. 


Sd- 


5, 


6. 


+  4  >/  dw  >  nearly. 

Bd—d 
•  .  •  =  — nearly. 


Bv 


where  C  is  the  chord  of  the  whole 
arc,  and  d  the  chord  of  half  the 
arc. 

Circular  Instruments,  or  Re- 
fleeting,  or  Multiplying  CireleSt 
are  instruments  which  possess  all 
the  adrantages  of  accuracy  at> 
tending  large  instruments,  in  di- 
minishing the  errors  of  division 
and   eccentricity  at    pleasure  by 
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means  of  reflection,  though  the 
instruments  themselves  kre  small 
and  portable.  Circular  instronents 
may  be  considered  as  improve- 
ments of  Hadley's  ocUnt,  and  the 
marine  sexant,  which  are  for  the 
same  purpose ;  viz.  fcr  observing  ' 
the  altitudes,  distances,  &c.  of  the 
heavenly  bodies,  extremely  useful 
for  navigators  in  finding  the  moon's 
distance,  and  other  nautical  par- 
poses.  The  best  instruments  of  this 
kind,  are  those  of  Mayer,  Borda, 
and  Rios. 

Circular  Parts  (Napier's),  are 
the  legs,  the  complement  of  the 
hypolhenuse,  and  the  complements 
ot  the  two  oblique  angles  of  aright 
angled  spherical  triangle. 

Napier's  general  rule  is  this :  the 
rectangle,  under  the  radios  and 
the  sine  of  the  middle  part,  is 
equal  lo  the  rectangle  under  the 
tangents  of  the  adjacent  parts,  and 
to  the  rectangle  under  the  cosines 
of  the  opposite  parts.  The  right 
angle  or  quadrantal  side  being 
neglected,  the  two  sides  and  the 
complements  of  the  other  three 
natural  parts  are  called  the  circa- 
lar  parts;  as  they  follow  each 
other,  as  it  were^  in  a  oircolar  or- 
der. Of  these,  any  one  being  fixed 
upon  as  the  middle  part,  those 
next  it  are  the  adjacent,  and  those 
farthest  from  it  tha  opposite  parts. 
This  rule  contains  all  the  purticu- 
lar  rules  for  the  solution  of  right- 
angled  spherical  triangles. 

Circular  Sailing,  the  method 
of  navigating  a  ship  npon  a  great 
circle  of  the  globe. 

Circular  Sectors,  are  the  areas 
bounded  by  any  arc  of  a  circle 
and  two  radii ;  the  measure  nl 
which  is  found  as  follows : 

Let  I  represent  the  length  of  the 
arc  of  the  sector,  and  ms  its  asea* 
sure,  in  degrees,  minuteSy  Ac; 
then 

I.  Area  of  sector  =i\rl 


2. =*78544i^X  = 

Circular  Segment  is  the  spaec 
bounded  by  any  arc  and  its  chorA  j 
the  area  of  which  may  be  foow 
by  the  following  formula : 

If  A'  represent  the  area  of  (he 
circular  sector,  and  C'  the  dbof^ 
of  the  arc,  then 


C  I  R— C  I  R 


1.  Area  of  segment  =  A'  —  4  C 

2.  Area  =  2Vy/dvy  )  |—  -^  — 

pi  1,3  ^ 


B  — ~  C  — i^ 
9.6d  ILM 


A,  B,  C,  &c.  being  the  preceding 
terms. 

3.  Area  =^vy/vy  +  ^  A 


V  3v 


6V 


where  V  =  (d  —  v). 

4.  Area =2rc'' gSA  — -^ 

2.3*  4.5 

3.5 
flC  B —  r7  fi*  C,  &c.  where  c''  repre. 

sents  the  cosine  of  half  the  arc. 

c" 
and  q  =  —  ^    A,  B,  C,  &c.  being 

the  preceding  terms. 

To  which,  may  be  added  the 
following  approximations ;  viz. 

5.  Area  =  i.  [^/ (dV'-0)-\- %  y/ 

dv  \  nearly. 

6.  Area  =  1  v  {dv — 1 1^)  nearly. 

The  area  of  circular  zones  is 
found  by  finding  the  difierence  of 
the  two  segments.  And  the  area 
of  circular  rings,  by  finding  tlie 
difference  of  the  areas  of  the  two 
circles.  Or  by  making  D  and  d 
the  diameters. 

CIRCULATING  Decimals,  con- 
aist  of  a  repetition  of  a  number  of 
digits,  aa  'aiOMM,  &c.  4127127127, 
&c. ;  in  fact,  every  decimal  that  is 
not  finite,  is  a  circulating  decimal, 
or  is  such,  that  if  continued  far 
enough  the  same  figures  will  again 
recur. 

When  the  figures  recur  from 
the  beginning  the  decimal  is  called 
pure  i  and  when  there  are  some  fi- 
gures before  the  circulation,  it  is 
called  mixed. 

The  denominator  of  every  pure 
circulating  decimal    .o  .sists  of  as 
many  0*8  as  ther«  are  figures  in  the 
circle. 
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Let  .315  be  a  circalating  deci- 
mal, the  denominator  is  900. 
.315  X  1000  =  315.  315,  315,  Icc 
.315  X        1  =       .  315, 315,  &c. 
Hence 


.315  X    999  =  315. 

315 
.314=-.  Q.E.D. 


wherefore 


The  denominator  of  a  mixed  cir- 
culating decimal,  after  the  termi- 
nate figures  are  subtracted  from 
the  whole,  consists  of  as  many  9*s 
as  there  are  circulating  figures, 
with  as  many  O's  as  there  are  ter* 
minate  ones. 

The  denominator  of  .03^315,   is 

99900.03  =  ^  and  .00315'  =  !?^* 
100  99900' 

reducing  to  a  common  denominator 

.00315  X  100  =      .315        and 

.63X99900    =  02  927  (=63000— 63) 

.63^252' 
Hence  .63^1*= -55555- Q.E.D. 

Hence,  to  reduce  a  circulating 
decimal  to  a  fraction,  subtract  the 
terminate  figures  from  the  whole ; 
and  place  for  denominator  of  the 
remainder  as  many  O's  as  there 
are  circulating  figures,  with  as 
many  9's  as  there  are  terminate 
ones. 

CIRCUMFERENCB,  in  a  general 
sense,  denotes  ihe  line,  or  lines, 
bounding  any  figure. 

CiaCU&IFBRENTOR,  an  instru- 
ment  used  hy  surveyors  in  taking 
angles  ;  it  consistSiof  a  brass  circle 
and  index,  in  one  piece,  common* 
iy  about  seven  inches  in  diameter, 
and  index  about  fourteen  inches 
long,  and  one  and  a  half  inches 
broad.  On  the  circle  is  a  card  or 
comiiass,  divided  into  360  degrees ; 
the  meridian  line  of  which  an- 
swers to  the  middle  of  the  breadth 
of  the  index.  There  is  also  sol- 
dered  on  the  circumference  a  brass 
ring,  on  which  screws  another  ring 
with  a  flat  glass  in  it,  so  as  to  form 
a  kind  of  box  for  the  needle,  sus- 
peuded  on  the  needle  in  the  centre 
of  the  circle.  There  are  also  two 
sights  to  screw  on,  and  slide  up 
and  down  the  index,  as  also  a  bail 
and  socket  screwed  on  the  under 
side  of  the  circle,  to  receive  the 
leg  of  the  three-legged  statf. 

CIRCUMSCRIBED  Fieure,  i» 
that  which  is  dxaYru  «l\)oxx\.  «Aa>X:AX 
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figure  so  as  to  toach  all  its  angles, 
or  to  touch  it  by  every  side. 

CISSOID,  in  the  higher  (7«o»i€- 
try,  is  a  curve  line  of  tlie  second 
order,  invented  by  Diodes,  a  Greek 
fiioincirician,  for  the  purpose  of 
iinding  two  continued  mean  pro- 
i)ortionals  between  two  other  given 
lines.  The  generation  of  this  curve 
is  as  follows ;  at  the  extremity  of 
itie  diameter  of  a  circle  draw  a 
tangent,  and  from  llie  opposite  ex- 
tremity of  the  diameter  draw  any 
number  of  lines  meeting  the  tan- 
gent. Set  off  upon  these  from  the 
tungcnt,  the  same  distances  that 
are  wiiiiin  the  circle ;  and  the 
curve  drawn  through  these  poinu 
is  the  Cissoid. 

The  cissoid  has  the  following 
properties:  1.  The  curve  has  two 
infinite  legs,  meeting  in  a  cusp,  and 
lendnig  continuHlly  towards  the 
indetinite  line,  which  is  their  com- 
mon asymptote.  2.  The  curve  bi- 
kecis  each  semi-circle.  3.  Letting 
lall  perpendiculars  from  any  cor* 
lespundnig  points,  the  portions  at 
each  extremity  of  the  diameter, 
and  aUo  of  the  line  meeting  the 
tangent,  are  equal  to  each  other. 
4.  it'  the  diameter  be  =  a,  the  ab- 
hciss  —  z,  and  the  ordinate  =  yy 
then  is  x  :  a  —  x  = :  y*  :  x*,  or  a:*  = 
y~.  (a  —  x),  which  is  the  equation 
of  ilie  curve.  5.  The  whole  infi- 
nitely long  cissoidal  space,  con- 
tained between  tlie  infinite  asymp- 
tote, and  tiie  curves  of  the  cissoid, 
j.s  eciual  to  triple  the  generating 
circle.  &  All  cissoids  are  similar 
figures. 

CLEPSYDRA,  an  instrument  or 
machine  serving  to  measure  time 
by  the  fall  of  a  certain  quantity 
of  water.  Tlie  use  of  clepsydrae  is 
very  ancient;  they  were  invented 
in  Egypt,  under  the  Ptolemies  ;  as 
wore  also  sun-dials.  Their  use  was 
chiefly  in  the  winter,  as  the  sun- 
dials served  in  the  summer:  but 
they  had  two  great  defects;  the 
one,  that  the  water  ran  out  with  a 
greater  or  less  facility',  as  the  air 
was  more  or  less  dense  ;  the  other, 
that  the  water  ran  more  readily  at 
the  beginning  than  towards  the 
conclusion.  Suppose  a  cylindrical 
vessel,  whose  cliarge  of  water  flows 
out  in  twelve  hours,  were  required 
to  be  liivided  into  two  x^^j-ts,  to  be 


evacuated  each  hour.  1.  Af  the 
part  of  time  1  is  to  the  whole  time 
12,  so  is  the  same  time  IS  to  a 
fourth  proportional  144.  2.  Divide 
the  altitude  of  the  veuel  into  144 
equal  parts :  here  the  last  will  fall 
to  the  last  hour ;  the  three  next 
above  to  the  ia»t  part  bat  one;  tlitt 
five  next  to  the  tenth  hoar ;  lastly, 
the  twenty-tbree  last  to  the  first 
hour.  For  since  the  times  increase 
in  the  series  of  the  uataral  num- 
bers 1,  2,  S,  4, 5,  &c.  and  the  alti- 
tudes, if  the  numeration  be  in  a 
retrograde  order  froni  the  twelfth 
hour,  increase  in  the  series  of  the 
unequal  numbers  I,  8,  5,  7,  9,  ftc. 
the  altitudes  computed  from  the 
twelfth  hour  will  be  as  the  squares 
of  the  times,  1,  4,  9, 16,  S5,  Ac; 
Therefore  the  squares  of  the  whole 
time,  144,  comprehend  all  the  parts 
of  the  altitude  of  the  vessel  to  be 
evacuated.  But  a  third  propor- 
tional to  1  and  12  is  the  square  of 
12,  and  consequently  it  is  tne  nam* 
ber  of  equal  parts  into  which  the 
altitude  is  to  be  divided,  to  bedis* 
tributed  according  to  the  series  of 
the  unequal  numbers,  tiiroaghthe 
equal  interval  of  hours.  There 
were  many  kinds  of  clensydns 
among  the  ancients  ;  but  tney  all 
had  this  in  common,  that  the  wsp 
ter  ran  generally  through  a  narrow 
passage,  from  one  vessel  to  auo* 
ther,  and  in  the  lower  was  a  piece 
of  cork,  or  light  wood,  which  as 
the  vessel  filled,  rose  op  by  dc> 
grees,  and  showed  the  hour. 

CLIMATE,  or  Clims,  in  the  an* 
cient  Geography t  a  part  of  the  sa^ 
face  of  the  earth,  or  zone,  boanded 
by  two  lesser  ciVcles  parallel  to 
the  equator ',  and  of  such  a  breadth, 
as  that  the  longest  day  in  the  pa* 
rallel  nearer  the  pole  exceeds  ue 
longest  day  in  that  next  the  ei|aa> 
tor,  by  some  certain  space,  as  half 
an  hour,  or  an  hour. 

Vulgarly,  the  term  climate  is  b» 
stowed  on  any  country  or  regioB 
differing  from  another,  either  is 
respect  of  the  seasons,  the  quality 
of  the  soil,  or  even  the  manners 
of  the  inhabitants,  without  any  r» 
gard  to  the  length  of  the  longest 
day 

CLOCK,  a  well-known  iusini- 
ment  for  measuring  time;  it  is  re- 
gulated by  means  of  a  PcH4Mitit», 


C  L  O- 

Ihc  Ian  or  which  Kill  be  lbii..d 

CLOUD,  ■  vlaili'lc  iggngitc  nf 

jii  the  aUDDaphi 


td,  froi 


uid  nuka  ihc'nraclei  of  e^udi 
lo  be  holloK  iDbcrei,  whkh  sniie 

lured,  however  HneUoMd  by  tb^ 

lu  preKnt  itale ;  it  being  evldeni 
Ihu  Ihe  bnciyuicy  of  Ihe  piuticlH 

ui  be.  If  we  refud  Uicn  u  mere 

▼ertnl  Inio  iuvi^lb^vAsmir. 
caBPFICIENTS,    Id    Afgtira, 

1.1  be  niDlUp'lied i  >>>d"«>ll^  n'i. 


cou 

!«o.    TheEoefflclenloflbe  fourth 

[tether,  'wilh  iheir  ligM  chlniid, 
und  won;   »nd,  flnBlly,  the  »W 

';=-»  +  !  +') 

*=_M  +  pr  +  4r 
uid  (he  Hue  for  mij  order  of 

of  the  Unoipinl  (a  +  x')  =  >•,  uid 
of  (a— z>=iO-  =  et  ibet  I;  Ibe 
mm  of  lb«  poiUlve  co-effleienta  1* 


COHESION,  that  ipecut  of  iit. 


raV  +  S^-f-'ei  "dl"lh*  c^'m- 


matiieuatical  and  PHTSICaL  SCIEKCe. 


koriioloill)-,     and'  loaded.''  w'^ 
wfelgliu  i»  dUrereitt  partk     1 

ilie  i»LDt  of  su|ipDrlr  kraflhowD 
kbe  lulluwiiig  uble : 


EWi-'r'.  *.  '  1$  I  '  ^  1  '■  l« 


I1J,  WtMl  t   of  cupper,  3IMBM  ;  > 
sdiMM.  (injrtgn  nukci  plBtinn  b  li 


farther  inrornution  on  tliu 

nal,  iv.  li  ^enunbccg  on  Csbc- 

(iun,  GlltoErl,  xvi.  rs;  PonUni  on 
Sulldity  uid  Fluidily,  Sac,  ItH,  L 
m ;  ana  Dr.  T.  young  un  tb*  &>■ 
•leiioii  of  Fluid!,  Ill  llie  Phil.  Trau 

If  his  "'Maturmt  PliuS^ihv^"" 
COLD,  In  Guminuu  Jausa^B.de. 
lOLH  tbe  iciuuiun  vhicta  ii  ftlt, 
ir  till  effecl  which  u  produced,  by 


r  of   lb«  cDDimGii  tempcrobin 

iaied,  and  hoCIo  Uie  other  haaj. 
am  tht>,  it  appcan  that  cold  ii 
It  any  iliiof  real,  but  merel/  a 


Willi  cqimt  inilh  and  inoprlew  bt 
laid  that  the  body  hai  hcen  dcpri*- 
~l  of  heat  to  that  certain  decree. 
Nulwilhilandlnt  ths  HintUcilJ 
r  Uiii  theory,  and  the  convietlsa 
Inch  leeiri  to  accompany  It,  phl- 
iMophers  have  often  eaiertahwd 
daaiu    concerning    it;    uid    IhtJ 


Me  Jit 


y  Uih^e  real,  and  Ibu 
,-  a  privation  or  d!a<l-      I 
ifornicrior.ElMtB'M, 

lemseofcoldwuui       I 


h™^ 
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fects,  vl2«  enlarg^ementof  the  bulk 
uf  bodiesy  the  separation  of  their 
parts,  &c.  are  such  as  must  be  pro- 
duced b}'  the  tntrndnctitm  of  some- 
thing real ;  and  the  abstraction  of 
this  principle  may  naturally  pro- 
duce the  effects  of  cold,  sucn  as 
contraction  o4f  the  bulk  of  bodies, 
agglutination,    &c. ;    whereas    it 
would   be    unnatural    to    suppose 
that  a  body  contracts  its  bulk,  as 
its  parts  come  into  closer  contact, 
because  something  else  has   been 
introduced  amongst  them.    With 
respect  to  the  last  supposition,  viz. 
whether  the  effects  of  heat  and 
those  of  cold  be  not  owint;  to  two 
distinct    principles,    a    few    argu- 
ments, and  the  equivocal  result  uf 
a  few  experiments,  have,  ui  times, 
been    adduced   in   support    of  it. 
But   the   general    and    prevailing 
opinion  among  philosophers  is,  that 
a  single  element,  called   caloric, 
produces  heat,  or  the  effects  of  ex- 
panding   bodies    separating    their 
parts,  £c. ;  and  that  cold  is  only  a 
relative  expression ;  that  is,  mean- 
ing only  the  decrement  of  heat ; 
so  that  real  or  absolute  cold  con- 
sists only  in  the  total  abstraction  of 
caloric;  and,   that  such  a  point, 
viz.  the  zero  of  heat  may  be  de- 
termined, has  been  shown  by  the 
experiments,  the  discoveries,  and 
the  calculations  of  some  late  emi- 
nent    philosophers,    viz.    Irvine, 
Black,  Crawford,  and  others. 

COLLIMATION,  Line  of,  in  a 
telescope,  is  a  line  passing  through 
the  intersection  of  those  wires  that 
are  fixed  in  the  focus,  and  the  cen- 
tre of  the  object  glass. 

COLLISION,  in  Mechanics  and 
PhysieSf  is  the  meeting  and  mutu- 
al striking  of  two  or  more  bodies, 
one  of  which,  at  least,  is  in  mo- 
tion. The  most  simple  of  the  prob- 
lems relating  to  collision,  is  that  of 
a  body  proceeding  to  strike  against 
another  at  rest,  or  moYing  before 
it  with  less  velocity,  or  approach- 
ing towards  it.  Des  Cartes  sup- 
posing that  the  same  quantity  of 
absolute  motion  always  exists  in 
the  world,  concluded  that  the  sum 
of  the  motions  after  the  impact 
was  equal  to  the  sum  of  the  mo- 
tions before  it.  But  the  proposi- 
tion  is  true  only  in  the  first  and 


second 

icrr 


of  these  cases :  it  is  false 


when  the  two  bodies  meet  each 
other ;  for,  in  that  case,  the  sum  of 
the  motions  after  the  impact  is 
equal  to  the  difference  of  their 
motions  before  it,  not  to  their 
sum. 

K  the  impact  of  two  perfectly- 
hard  bodies  be  direct,  they  will, 
after  impact,  either  remain  at  re:>t, 
or  move  on  uniformly  together 
with  different  velocities,  accotd- 
ing  to  the  circnmstauccs  under 
which  they  met. 

Let  B  and  b  represent  two  per* 
feclly  hard  bodies,  and  let  the  ve- 
locity of  B  be  represented  by  V, 
and  that  of  b  by  v,  which  may  be 
taken  either  positive  or  negative, 
according  as  b  moves  in  the  same 
direction  as  B,  or  contrary  to  that 
direction,  and  it  will  be  zero  when 
b  is  at  rest.  This  notation  being 
understood,  all  the  circumstance 
of  the  motion  of  the  two  bodies, 
after  collision,  will  be  expressed 
by  the  formula,  velocity  = 
BV  -f  by 

which  being  accommodated  to  the 
three  circumstances  under  which 
V  may  enter,  becomes 

BV+fto 


velocity  =     y^^ 

when  both  bodies  moved  in  the 
bame  direction, 

.  BV— 61; 

velocUy=-^q:^ 

when  the  bodies  moved  in  con- 
trary directions, 

BV 
velocity  =  -^-p^ 

when  the  body  b  was  at  rest. 

These  formula  arise  from  the  sup- 
position of  the  bodies  being  per- 
fectly hard, 'and  consequently  that 
the  two  after  impact  move  on  uni- 
formly together  as  one  mass.  In 
cases  of  perffctly  elastic  bodies, 
other  fornmlar  have  place  which 
express  the  motion  of  each  body 
separately,  as  in  the  following  pro- 
position. 

If  the  impact  of  two  perfectly 
elastic  bodies  be  direct,  their  rela- 
tive velocities  will  be  the  same 
both  before  and  after  impact,  or 
they  will  recede  from  e^cVx  \A\kftt 
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Willi  the  same  velocity  wilh  wliicli 
they  iuL>t;  that  is,  they  wiii  be 
equally  distant,  in  equal  times, 
both  before  and  after  their  colli- 
sion, although  the  absolute  velo* 
city  of  each  may  be  changed.  The 
ciicumstanees  attending  this 
change  of  motion  in  the  two  bo- 
dies, using  the  above  notation,  are 
expressed  in  the  two  following 
furmuls: 

'     .— ; — -^  the  velocity  of  B 

2BV+(B-6)»  ^  ,  ,_  *v 
~-T — —  t*»e  velocity  of  h 

D-\-0 

which  needs  no  modification,  when 
the  motion  of  b  is  in  the  same  di- 
rection with  that  of  B. 

In  the  other  case  of  6*8  motion, 
the  general  formulae  become 

Xi_      1:1:  the  velocity  of  B 

aBV-(fe-6)t>  .  ,  .^  -. 
the  velocity  of  b 

when  b  moves  in  a  contrary  direc- 
tion to  that  of  B,  which  arise  from 
taking  v  negative.    And 

(B-6)V     .  ...       ._, 

^  ..  '    the  velocity  of  B 
iJ-f-o 

2  BV 

■    .  .      the  velocity  of  6 
B  +  6  ' 

when  b  was  at  rest  before  impact, 
that  in,  when  v=o. 

It  a  perfectly  hard  body  impinge 
obliquely  upon  a  perfectly  hard 
and  immoveable  plane,  it  will, 
after  collision,  move  along  the 
plane. 

And  its  velocity  before  impact 

Is  to  its  velocity  after  impact 

As  radius 

Is  to  the  cosine  of  the  angle  of 
impact.  But  if  tlie  body  be  elastic 
it  will  rebound  from  the  plane 
with  the  same  velocity,  and  at  the 
same  angle  with  which  it  met  it. 

COLOUR,  in  natural  philosophy, 
that  property  of  bodies  which  af- 
fects the  sight  only  ;  or  that  pro- 
perty possessed  by  the  elementary 
rays  of  light,  separated  by  any 
means  whatever,  of  exciting  in  us 
different  sensations  according  to 
their  different  refrangibility.  Thus 
colour  may  be  considered  in  two 
respects,  as  it  regards  bodies  in  ge- 
neral, and  as  it  is  produced  by  so- 
Jar  Jight. 


Sir  Isaac  Newton's  theoiy  sf 
light  and  coloars  fa  deduced  fnrni 
clear  and  decisive  experiments. 

1st.  That  lights  which  differ  in 
colour,  difier  also  in  degrees  of  re- 
frangibility. 

Sd.  That  the  light  of  the  son,  notr 
withstanding  its  nriifomi  appear- 
ance, consists  of  rays  differently 
refrangible. 

3d.  That  those  rays  'which  are 
more  refrangible  than  'otliers,  are 
also  more  reflexib^e. 

4th.  That  as  the  rays  of  light 
differ  in  degrees  of  refrangibility 
and  reflexibility,  so  they  also  diP 
fer  in  their  disposition  to  exhibit 
this  or  that  partlcnlar  colour;  and 
that  colours  are  not  qiudtficaUoos 
of  light  derived  from  refraciioBS 
or  reflections  of  natural  bodies,  as 
was  generally  believed,  bot  origl* 
nal  and  connate  properties,  which 
are  different  in  different  rays,  some 
rays  being  disposed  to  exhibit  a 
red  colour  and  no  other,  and  some 
a  green  and  no  other,  and  so  of  the 
rest  of  the  prismatic  colours. 

5th.  That  the  light  of  the  son 
consists  of  violet-making,  indigo- 
making,  blne-making«  green-mak- 
iniTt  yellow-making,  orange-mak- 
ing, and  red-making  rays ;  and  all 
of  these  are  different  in  their  de- 
grees of  refrangibility  and  reflexi- 
bility  ;  for  the  rays  which  prodacc 
red  colours  are  the  least  refrangible, 
and  those  that  make  tlie  violet 
ilie  most ;  and  the  rest  are  mcMrc  or 
less  refrangible  as  they  approaeb 
either  of  these  extremes,  in  the 
order  already  mentioned  ;  tlutt  b, 
orange  is  least  refrangible  nexl  10 
red,  yellow  next  to  orange,  and  ao 
on  ;  so  that  to  the  same  decree  of 
refrangibility  there  ever  belongs 
the  same  colour,  and  to  the  bun 
colour  the  same  degree  of  refraa* 
gibility. 

6th.  Every  homoeeneal  ray ,  eo» 
sidered  apart,  is  refracted  accord- 
ing to  one  and  the  same  rale,  io 
that  its  sine  oi  incidence  is  to  ill 
sine  of  refraction  in  a  given  ratio; 
that  is,  every  different  coloures 
ray  has  a  different  ratio  belonginc 
to  it. 

7th.  The  species  of  colour,  and 
degree  of  refrangibility  ana  rr- 
Aexibility,  proper  to  any  parties- 
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Jar  scit  of  rays,  is  nut  mutabU  by 
reflection  or  refraction  from  naru< 
ral  bodies,  nor  by  any  otiiet  cause 
that  has  been  yet  observed.  Wliea 
any  uiie  kind  of  rays  has  been  se- 
imraied  fn>m  those  of  other  khids, 
]t  has  obstinately  retained  its  co- 
lours, notwithstanding  alJ  ^dea- 
vours  to  bring  about  a  change. 

Bth.  Yet  seeming  transmutations 
of  colours  may  be  made,  where 
there  is  any  mixture  of  divers  sorts 
of  rays ;  for,  in  such  mixtures,  the 
component  colours  appear  not,  but, 
by  their  mutually  alloying  each 
buier,  constitute  an  intermediate 
colour. 

9th.  There  are,  therefore,  two 
aorto  of  colour,  the  one  original 
and  simple,  the  other  compounded 
of  these;  and  all  the  colours  in 
the  universe  are  ejther  the  colours 
of  liomogeneal,  simple  light,  or 
compounded  of  these  mixed  toge- 
ther in  certain  proporiions.  The 
colours  of  simple  ligtit  are,  as  we 
observed  before,  violet,  indigo, 
bine,  green,  yellow,  orange,  and 
red,  together  with  an  indelinite  va- 
riety of  intermediate  gradations. 
The  colours  of  compounded  light 
are  differently  compounded  of 
iJiese  simple  rays,  mixed  in  vari- 
ous proportions:  thus  a  mixture  of 
yellow-making  and  blue-making 
rays  exhibits  a  green. colour,  and 
a.  mixture  of  red  and  yellow  makes 
an  orange ;  and  in  any  colour  the 
same  in  specie  with  the  primary 
qnes  may  be  produced  by  the  com- 
position of  the  two  colours  next 
adjacent  in  the  series  of  colours 
generated  by  the  prism,  whereof 
the  one  is  next  more  refrangible, 
and  tltc  other  next  less  refrangible. 
But  this  is  not  the  case  with  those 
-which  are  situated  at  too  great  a 
distance;  orange  and  indigo  do 
not  produce  the  intermediate 
srven,  nor  scarlet  and  green  the 
itilermediate  yellow. 

JOtb.  The  rao»t  surprising  and 
-wonderful  composition  of  light  is 
tJiat  of  whiteness;  there  is  no  one 
sort  of  rays  which  can  alone  ex- 
hibit that  colour  :  it  is  ever  com- 
pounded, and  to  its  composition  all 
the  aforesaid  primary  colours  are 
rc-quitiite. 

Iltlu  As  whiteness  is  produced 
by  a  copious  reflection  of  ray's  ol 
10©  •      ■  • 
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all  sorts  of  colours,  when  there  is 
a  due  proportion  in  the  mixture ; 
so,  on  the  cuntrary,  blackness  i.« 
produced  by  a  suffocation  and  ab- 
sorption of  tne  incident  liKht, 
which  being  stopped  and  suppress* 
ed  in  the  black  body,  is  not  re- 
flected outward,  but  reflected  and 
refracted  within  the  body  till  it  be 
stifled  and  lost. 

COLL'KES,  In  Astftmomp  and 
Geographyf  two  great  circles  sup- 
posed to  intersect  each  other,  at 
right  angles,  in  the  pole,  and  to 
pass  through  the  solstitial  and 
equinoctial  jioints  of  the  ecliptic  } 
that  which  passes  throuch  the  for- 
mer point  being  callea  solstitiul 
colure,  and  the  other  the  eguinoc" 
tiai  colure. 

COMBINATIONS,  In  Mathema- 
tics, denote  the  different  collee- 
tions  that  may  be  formed  out  of 
any  given  number  of  things,  taken 
a  certain  number  at  a  time,  with- 
out re{;ard  to  the  order  in  which 
they  may  be  arranged  ;  and  are 
thns  distinguished  from  permuta- 
tions, or  changes,  which  nave  re- 
ference to  the  order  in  which  the 
several  quantities  may  be  dis])osed. 

In  order  to  find  the  number  of 
combinations  that  a  given  number 
of  things  will  admit  of,  let  us  take 
the  continued  product  of  the  fac- 
tors, (X  4-  fl)  (X  -{■  b)  («  4  ^7 
(x  -f-  rf,)  &c.  viz, 

(1)  x-\-a 
X  -\-  h 

(2)  tr-\-  c 


ab) 
b\x'*-\-  ac\t-\-  ahc 
c)  he} 

(3)    x  +  rf 


x»4-tf-)  ac  §  ahc") 

c(^    ^  be  I        ~  acdC 
dj  bftV  bed  J 


cd  J     X  -^  abed 


Now  it  is  obvious,  that  in  each 
of  these  forinulac  the  coefficient  of 
the  second  term  is  equal  to  the 
sum  of  all  the  quantities  a,b,c, 
&c.  that  enter  into  the  expression  ; 
the  third  is  the  sum  of  all  the  v<»r 


MATHEMATICAL  AVp  PHYSICAL  SCIENCE. 


sible  combinations  of  every  two 
of  tlieni  :  tlie  fourth  of  every 
tlirce  ;  ihe^//A  tn  every  four,  and 
so  on  ;  tliat  is,  tlie  number  of  com- 
binations that  may  be  formed  ont 
of  any  number  of  tilings  (nj  taken 
a  certain  number  (m,)  at  a  time, 
will  be  expressed  by  the  coeffici- 
ent of  the  m  4- 1  term  of  the  above 
''.xpsnided  function,  carried  to  n 
factors;  or  mnkinR  a,  b,  c,  d,  Sec, 
each  equal  to  1,  Uie  same  will  be 
expressed  by  the  tn  -{■  I  coefficient 
r)f  the  expanded  binomial  (x  -f-l"  ;) 
tvhich  from  the  known  law  of  the 
binomial  theorem  is  equal  to 

u  (/>— 1)  (n— g)  (n— 8) «  «  (n^^-m— 1) 

1.2.3.4*  •  m 
which  is,  therefore,  a  general  for« 
mulffi  for  expressing  the  namber 
of  combinations  that  may  be  form- 
ed out  of  n  things  taken  any  num- 
ber m  at  a  time. 

Suppo<ie,  for  example,  it  were 
required  to  find  how  many  combi- 
nations may  be  formed  out  of  13 
cards,  all  dinerent  Irom  each  other, 
taken  4  at  a  time? 

13.12.11.10 

Here  we  have = 

1.2.3.4 

715  combinations. 

The  above  formals  leads  us  also 
to  the  method  of  finding  the  whole 
possible  number  of  combinations 
that  may  be  formed  out  of  a  given 
Dumber  of  things  n,  by  taking  1,2, 
3,4,  &c.  at  a  time,  to  n,  at  a  time; 
for  this  it  is  obvious  will  be  equal 
to  the  sum  of  all  the  cocfficienLs 
of  the  expanded  binomial  (j»-|-  !«,) 
wantini^  the  first  term.  But  the 
sum  of  all  these  coefficients  is 
equal  to  2",  therefore  the  ninnber 
of  possible  combinations  of  nihings 
is  equal  to  2" — 1.  The  single  quan^ 
titles  a,  b,  c,  &c.  being  classed  un- 
der the  general  term  combination, 
for  the  sake  of  analogy,  if  these 
be  excl:ided  the  formulae  will  be 
21— (n-l-  1.) 

Thus  the  number  of  all  the  com* 
binatiuns  that  may  be  formed  out 
of  the  five  letters  a,  b,  c,  d,  e  ^= 
3> — 1  =  31,  or  excluding  the  single 
terms,  the  number  of  combinations 
is  2S_(j  =  26. 

To    determine    the    namber    of 

conibiitHtions  that  may  be  formed 

out  of  a  given  number  of  things, 

in  which  tlj^-e  arc  tn  thmgs  of  one 

HO 


sort,  n  of  another  sort,  p  of  ano* 
ther  sort,  &c.,  by  taking  lata 
time,  2  at  a  time,  3  at  a  Mme,  &c. 
vo  any  given  number  of  things  at 
a  time. 

Rule.  Place  in  one  horisontal 
row  m  -^  1  aAita,  annexing  ciphers 
on  the  right  hand,  till  the  whole 
number  of  units  and  ciphers  ex- 
ceeds the  greatest  number  of  things 
to  he  taken  at  a  time  by  unity 

Under  each  of  these  terms  write 
the  sum  of  »  -}-  1>  left-hand  terms 
including  that  as  one  of  them  un- 
der which  the  number  is  placed ; 
and  under  each  of  these,  the  f  -f 
1  left-hand  terms  of  the  last  line; 
then  the  9  +  1  terms  of  this,  and 
soon  through  all  tlie  number  of 
different  things,  and  the  last  line 
will  be  the  answer. 

The  theory  of  combinations  is  of 
the  greatest  use  in  the  dew  trine  of 
chances  and  pn>babilities,  for  the 
probability  ot  an  event  happening 
or  tailing  depends  generally  uoon 
the  number  of  combinations  tnat 
may  4)e  formed,  or  that  may  take 
place  amongst  the  circumstances 
on  which  the  event  ultimately  de- 
pends. 

COMBUSTIBLE  Bodies, are 
those  bodies  which  when  once  set 
on  lire  will  continue  to  bum  with- 
out the  farther  accession  of  fuel. 

COMET,  in  Astronomy,  a  hea- 
venly body,  appearing  at  uncertain 
periods,  and  which,  during  the 
lime  of  its  appearance,  has  a  mo- 
tion in  some  respects  similar  to 
those  of  the  planets.  The  orUts 
of  the  comets  however  diffier  from 
those  of  the  planets,  in  their  being 
more  eccentric,  and  being  inclined 
to  the  plane  of  the  eclipucs  in  an- 
gles of  various  magnitudes,  tlie 
plane  of  some  of  them  being  nearly 
coincident,  and  others  nearly  per- 
pendicular to  the  plane  of  the  ec- 
liptic. The  motions  of  comets  are 
also  some  of  them  direct,  and 
others  retrograde,  whereas  those 
of  the  planets  are  all  direct. 

Comets  are  popularly  dlrlded 
into  three  distinct  classes,  vii* 
bearded,  tailed,  and  hairy  eometi ; 
though  this  distinction  relates 
rather  to  the  circumstance  nndcr 
which  they  are  see.n,  than  to  any 
difl'erence  of  the  bodies  thcB'. 
selves. 
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Thns,  when  the  comet  is  eastward 
of  the  sun,  and  moves  from  it,  it 
is  said  to  be  bearded ;  when  the 
comet  is  westward  of  the  son,  and 
sets  after  it,  it  is  said  to  be  tailed  ; 
and  when  the  sun  and  the  cornel 
are  in  opposition,  the  train  is  hid 
behind  ttie  body  of  the  comet, 
excepting  a  little  which  appears 
roand  it  in  the  lorm  of  a  border  of 
hair,  hence  it  is  called  hiirfft  and 
hence  the  name  of  comet  is  de- 
rived. 

The  estimates  that  have  been 
given  of  the  magnitudes  of  comets, 
are  not  sufficiently  accurate  to  be 
depended  upon ;  tor  it  does  not 
appear  that  they  distinguish  be« 
tween  the  '  nucleus  and  the  sur- 
rounding atmosphere.  Some  co- 
mets, from  the  apparent  magnitude 
and  distance  compared,  have  been 
judged  to  be  much  larger  than  the 
moon,  and  even  equal  to  some  of 
the  primary  planets.  The  diame- 
ter of  that  of  1744,  when  at  the 
distance  of  the  sun  from  us,  mea- 
aured  about  l^  and  therefore  its 
diameter  must  be  about  three  times 
the  diameter  of  the  earth :  at  ano- 
ther time  the  diameter  of  its  nu- 
cleus was  nearly  equal  to  that  of 
Jupiter.  Hence  it  has  been  con- 
jectured, that  some  of  the  solar 
ecli|Mes  recorded  in  history,  tiiat 
cannot  be  verified  by  calculation 
from  tables  of  the  sun  and  moon, 
have  been  occasioned  by  the  in- 
terposition of  comets  between  the 
sun  and  the  earth. 

The  principal  phenomena  which 
have  been  observed  with  respect 
to  the  tails  of  comets  are  :  1.  Their 
tails,  appear  the  largest  and  bright- 
est immediately  after  the  passage 
through  their  perihelion,  or  near- 
est approach  to  ilie'  sun.  2.  The 
tail  of  a  comet  always  declines 
from  a  just  oppositiou  to  the  bun, 
towards  those  parts  which  the 
body  or  nucleus  pas^t  over,  in  its 
progress  through  its  orbit.  3.  This 
declination  is  the  smallest  when 
the  head  or  nucleus  approaches 
nearest  the  sun,  and  is  still  less  near 
the  neucleus  of  the  comet,  than 
towards  the  extremity  of  the  tail. 
4.  The  tails  are  somcAvhal  brighter 
and  more  distinctly  defined  in  their 
convex  than  in  their  concave  part. 
d.  They  are  also  broader  at  the 
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upper  extremity  than  near  the 
centre  of  the  com.et.  G.  Their  tails 
arc  always  transparent,  and  the 
smallest  stars  are  seen  through 
them  without  any  sensible  dimi- 
nution of  their  light,  and  without 
thoHC  effects  of  refraction  which 
might  be  expected  from  viewing 
them  through  a  visible  medium, 
which  circuntstance  seems  to  in- 
dicate that  the  tails  are  composed 
of  extremely  rare  and  attenuated 
matter;  but  with  regard  to  tlieir 
formation  we  may  be  said  to  be 
totally  ignorant,  notwithstanding 
the  numerous  hypotheses  that 
have  been  advanced  on  this  sub- 
ject. The  tail  of  \Ue  comet  uf  1811, 
when  at  its  maximum,  subtended 
an  angle  of  at  least  IG  degrees,  and 
was  computed  to  be  at  least  23 
million  miles  in  leni^ih. 

The  comet  of  17S9  is  known  to 
perform  its  revolution  in  7tl  years, 
nearly,  whence  it  appears  that  its 
mean  distance  is  about  18  times 
that  of  the  eartl/^  or  a  little  less 
than  the  mean  distance  of  Uranus ; 
but,  in  consequence  of  the  great  ec- 
centricity of  its  orbit,  its  aphelion 
point,  or  greatest  distance  from 
the  sun,  is  nearly  double  that  of  the 
above  planet.  The  perihelion  dis- 
tance of  this  comet  is  about  6  of 
the  mean  distance  of  the  earth, 
which  being  taken  from  36,  the 
mean  transverse  axis  of  its  orbit, 
leaves  35*4  for  its  aphelion  dis- 
-tance,  which  is  nearly  double  the 
greatest  distance  of  Uranus,  and 
about  four  times  that  of  Saturn. 

It  is  extremely  difiicult  to  deter- 
mine, from  computation,  the  ellip- 
tic orbit  of  a  comet,  to  any  degree 
of  accuracy  :  for  when  the  orbit,  is 
very  eccentric,  a  very  small  error 
in  the  observation  will  change  the 
computed  orbit  into  a  parabola, 
or  hyperbola.  Now,  from  the 
thickness  and  inequality  of  the 
ntniospliere  with  which  the  comet 
is  surrounded,  it  is  impossible  to 
determine,  with  any  precision, 
when  cither  the  limb  or  centre  of 
the  conift  pa.vH  the  wire  at  the 
time  of  observation.  And  this  un- 
certainty in  the  observations  will 
subject  the  computed  orbit  to  a 
fiYtiAt  error.  The  only  safe  way 
to  get  the  period  of  comets,  is  to 
compare  the  elements  of  a^Vi  \.V\o%% 
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which  have  been  compnted,  and 
where  you  find  they  agree  very 
well*  yoa  may  conclude  that  they 
are  elements  of  the  same  comet,  ii 
being  so  extremely  improbable 
that  the  orbits  of  two  different 
comets  should  have  the  same  incli- 
nation, the  same  perihelion  dis< 
tance,  and  the  places  of  the  pei*i* 
helion  and  node  ttie  samie.  Thus, 
knowing  the  periodic  time,  we  get 
the  major  axis  of  the  ellipse ;  and 
the  perihelion  distance  being 
known,  the  minor  axis  will  be 
known.  When  the  elements  of 
the  orbits  agree,  the  comets  may 
be  the  same,  although  the  periodic 
time  should  vary  a  little ;  as  that 
may  arise  from  the  attraction  of 
the  bodies  in  oursysleni,  and  which 
may  also  alter  all  the  other  ele- 
ments in  a  small  degree. 

COMBTARIUM,  a  machine  for 
conveying  an  idea  of  the  revolu- 
tion of  a  comet  about  the  sun.  It 
Is  contrived  in  such  a  manner,  as 
by  elliptical  wheels  to  show  the 
unequal  motion  of  a  comet  in  every 
part  of  its  orbit. 
COMMENSURABLE,  among  geo- 
wetriciahs.au appellation  given  to 
such  quantities  as  are  measured 
by  one  and  the  same  common 
measure. 

CoMMXNSVRABLE  Numbers,  whe- 
ther integers,  surds,  or  fractions, 
^re  such  as  can  be  measured  or 
divided  by  some  other  number 
without  any  remainder;  such  are 
12,  and  18,  as  being  measured  by 
fi  and  3  :  also  i  y/2,  and  3y/  2,  be- 
'  ing  measured  by  v^  S. 

CoMMEJfsuBABLJt  in  PoueT,  is 
said  of  right  lines,  when  their 
squares  are  measured  by  one  and 
the  same  space  or  superticies. 

CoaiVBNSURABLK     SuTftS,     thoSC 

that  being  reduced  to  their  least 
terms,  become  true  figurative  quan- 
tities of  theii  kind  ;  and  are  there- 
fore as  a  rational  quantity  to  a  ra- 
tional one. 

COMMON  Measure  or  Divisor, 
in  Arithmetic,  is  that  number 
which  will  divide  two  other  uuni- 
bers  without  leaving  a  remainder ; 
and  the  greatest  of  such  divisors 
3s  called  the  greatest  common  mea- 
sure, or  greatest  common  divisor, 

COMlfUNICATlON  of  Motion, 
.that  act  of  a  moving  body  by 
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which  it  transfers  its    motion  to 
another  body. 

COMMUTAnON,  In  Astronmny. 
Angle  of  commutation  is  the  div 
tance  between  the  sun's  true  place 
seen  from  the  earth,  and  the  place 
of  a  planet  reduced  to  the  ecliptic ; 
and  is,  therefore,  found  by  sub- 
tracting the  same  longitude  fioin 
the  heliocentiric  longitade  of  the 
planet. 

COMPASS,  or  Mariner's  Con- 
pass,  an  instrument  used  at  sea  by 
mariners,  to  direct  and  ascertain 
the  course  of  their  ship.  The  in- 
vention of  this  instrument  is  com- 
monly ascribed  to  Fiavio  Gioia,  or 
Flavio,  of  Malphi,  aboat  the  year 
I30S. 

The  common  construction  of  the 
mariner's  compass  is  extremely 
simple.  It  consists  of  a  circular 
brass  box,  which  contains  a  paper 
card-;  on  which  is  drawn  tlie  3i 
points  of  the  compass;  and  this 
card  is  fixed  on  a  magnetic  needle, 
which  always  turns  to  the  north, 
except  a  small  deviation  which  is 
variable  at  different  places,  and 
at  ttie  same  place  at  ditTerent 
times. 

Azimuth  CoKPASS.  This  differs 
from  the  common  sea  compass 
only  in  tliis,  that  the  circumfer- 
ence of  the  card  or  box  is  divided 
into  degrees ;  also  to  the  box  is 
fitted  an  index  with  two  sights, 
which  are  upright  pieces  of  brass 
placed  diametrically  opposite  lo 
each  other,  having  a  slit  down  the 
middle  of  them,  through  which 
the  sun  or  star  is  to  be  viewed  at 
the  time  of  observation.  Tlie  use 
of  this  instrument  is  to  take  the 
bearing  of  any  celestial  objeet, 
when  it  is  in  or  above  the  horizon, 
in  order  to  find  from  the  magneti* 
cal  azimuth,  or  amplitude^  thevsp 
nation  of  the  needle. 

These  are  the  thirty-two  princi- 
pul  points  of  divisions  drawn  oa 
the  compass  card  ;  and  are  other- 
wise called  Rhumbs  ;  etich  of  which 
has  a  particular  denomination  ezp 
piessed  by  means  of  tlie  initials  o( 
the  four  lirst  points.  North,  East, 
South,  West. 

Each  point  contams  II"  15',  and- 
is  divided  into  ^  points,  containinf 
2°  48/  5". 

Compasses,    or   Pair   9f    CMt- 


C  O  M  -  C  O  M 


glasses,  ft  matliematical  mstr.umcnt 
i'or  describiiii^  crrcles,  measuring 
and  diyiding  lines,  or  figures,  &c. 
The  common  Gompassbs  ccinsists 
of  two  sharp-pointed  branches  or 
legs,  joined  together  at  the  top. 

Triangular  Compassks;  the  con. 
fttrnctfon  of  which  i^  like  that  of 
the* common  compasses,  with  the 
addition  of  a  ihinl  leg  or  point, 
^vhich  has  a  niolion  every  way. 
Their  ose  is  to  take  three  points  at 
unce,  aod  so  to  form  triangles,  and 
lay  down  three  positions  of  a  map 
to  be  copied  at  ttie  same  time. 

Beam  Compassm   consist  of  a 
long  straight  beam  or  bar,  carry- 
ing   two    brnss    cursors ;    one    of 
theve  being  fixed  at  one  end,  the 
otiier  sliding  along  the  beam,with  a 
screw  to  fasten  ^t  on  occasionally. 
Eiliptic  Compasses,  commonly 
called   a  trammel,   consists  of  a 
cross  with  two  dovetail  grooves, 
at  light  angles,  and  a  ruier  with 
two  dovetail  4(nobs  and  a  tracing 
point.   The  two  knobs  are  adjusted 
to  the  local  distance  of  the  ellipse, 
and  the  distance  between  the  re- 
motest one  and  the  tracing  point 
is  made  equal  to  the  semi-trans- 
verse (the  distance  of  the  nearer 
knob   from  the  same  point  being 
equal  to  the  semiconjugate).    Then 
the  cross  being  laid  with  its  centre 
over  that  of  the  ellipse,  and  the 
Jinobs  let    into    the  grooves,   the 
turning    round  of  the   ruler  will 
trace  the  ellipse. 

'  German  Compasses,  have  their 
legs  a  little  bent  outwards  to- 
wards the  top ;  so  that  when  shut 
the  points  only  meet. 

Hair  Compasses  have  an  adjust* 
'  ing  screw  attached  to  one  of  the 
legs,  by  means  of  which  measures 
may  be  taken  to  a  very  great  de- 
gree of  accuracy. 

Proportional  Compassed,  are 
those  m  which  the  joint  lies,  not 
at  the  end  of  the  legs,  but  be- 
tween the  points  terminating  eacn 
leg.  These  are  either  simple  or 
compound.  In  the  former  sort  the 
centre  or  place  of  the  joint  is  fix- 
ed ;  so  that  one  pair  of  them  serves 
only  for  one  proportion.  In  the 
compound  ones  the  joint  may  be 
set  at  any  distance,  and  conse- 
«|uently  any  proportion  whatever 
4ra«ily  obtained. 
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Spring  Ck>MPAS8Efi,  or  Dividers* 
are  made  of  hardened  steel,  witii 
ail  arched  head,  which  by  its 
springs  opens  the  legs ;  the  open- 
ing being  directed  by  a  circular 
screw  fastened  to  one  of  the  legs, 
let  through  the  other,  and  worked 
with  a  nut. 

Geometry  of  the  Compasses,  a 
species  of  geometry  invented  by 
M.  Mascheroni,  of  Milan,  by  which 
all  the  elementary  problems  of 
plane  geometry  are  performed  by 
the  compasses  only,  without  the 
use  of  the  ruler ;  it  is,  hftwever, 
more  ingenious  than  profound,  and 
may  be  considered  rather  as  a 
subject  of  curiosity  than  of  real 
utility. 

COMPLEMENT  of  an  Arch  or 
Angle,  is  what  it  wants  of  00  de- 
grees. 

Arithmetical  Complement,  of  a 
logarithm,  in  what  the  logarithut 
wants  of  10*00000,  &c.  ;  and  the 
easiest  w.iy  to  find  it  is,  beginning 
at  the  left  hand,  to  subtract  every 
fignie  from  9,  and  the  last  from  10. 

CoupLEMKKT,  ill  Astrortopiy,  de- 
notes the  distance  of  a  star  from 
the  zenith. 

Complement  of  Life,  a  term 
much  used  In  the  doctrine  of  life- 
annuities,  by  De,  Moivre  ;  to  de- 
note the  number  of  years  which  n 
given  life  wants  of  66,  this  being 
the  age  which  he  considered  as 
the  utmost  probable  extent  of  life. 

Complements  of  a  Parallelo- 
gram, are  the  two  smaller  paralle- 
lograms made  by  drawing  two 
right  lines  through  a  )X)int  in  the 
diagon.il,  and  parallel  to  the  sides 
of  the  parallelogram.  In  every 
parallelogram  these  complemeuls 
are  equal  to  each  other. 

COMPOSITE  Number^  is  that 
which  is  ))rociuced  by  the  multipli. 
cation  of  two  or  more  numbers  or 
factors,  and  is  thus  distinguished 
from  a  prime  number,  which  can* 
not  be  so  produced. 

COMPOSITION,  is  a  species  of 
reasoning  by  which  we  proceed 
from  things  that  are  known  and 
given,  step  by  step,  till  we  arrive 
at  others,  which  were  before  un- 
known. 

Composition  o(  Forces,  in  JUe- 
ehanics,  is  the  method  of  finding 
the  quantity  and    direction  of  ^ 


luidisl.  „.  ituKlfr 


Ouiil>»rni>H   of  PrapBrllm, 

*an>  ciV  ihe  lu  ncTsd  1>  u  ilVe  a 
U  the  mm  ot  Uic  Id  aiid  4tli  u  . 


COMPOUND  ItlertMl, 


CottraaiiBaitaiaii^flaAlgrliri.. 
■  re  ttiDie  conavcted  canrrther  by 

niuf^,  tic.  Dccdrdms  lo  tne 
ber  of  uimiar  wbicli  Ue; 


IE  pfeudriT  of  Hnnth^r  bndy  di 
iuiy  uf'comprrj.i'™  nrThUe 
CuHpriiu.  t/mu.fti.  Ipfrav. 


lONiiiVB,  a 


COHCAVO-Oiwaix  £<>ii, ' 
CoiiaiTiM^iina  J>"»,  .i> 
cnnt-ci  mi  Ihe  other. 

cSn^HOID.  Ihe  nrnnoof  a  i 
data  Iff  Nitomeia,   which 


by  the   athcn,  ^  Ihe  ai 


NDiiNSiTION, 


C.QK — COW 


whereby  a  body  U  rendered  more 
dense,  compact,  and  heavy. 

CONDJSNSBR,  a  piieamatic  en^ 
gine,  or  syringe,  Whereby  an  un« 
cummon  qoantity  of  air  may  be 
condensed  into  a  given  space. 

CONDUCTOR,  in  EtectrMt^^u 
term  used  to  denote  those  sab- 
stances  which  are  capable  of  re- 
ceiving and  transmitting  electri- 
city, in  opposition  to  electrics,  in 
which  the  matter  or  virtue  of 
electricity  may  be  excited  and  ac- 
camulated,  or  retained.  The  for- 
mer are  also  called  non-electrics, 
and  the  latter  non-conductors. 
And  all  bodies  are  ranked  under 
one  or  other  of  these  two  classes, 
though  none  of  them  are  perfect 
electrics,  nor  perfect  conductors, 
8o  as  wholly  to  retain,  or  freely 
and  without  re^taace  to  transmit 
electricity. 

To  the  class  of  conductors  be- 
long all  metals  and  semi-metals, 
ores,  and  all  fluids  (except  air  and 
oiU),  the  efQuvia  of  flaming  bo- 
dies, ice  (unless  very  hard  frozen), 
and  snow,  most  saline  and  stony 
substances,  charcoals,  of  which 
the  best  are  'those  that  have  been 
exposed  to  the  greatest  heat; 
smoke,  and  the  vapour  of  hot 
water. 

It  is  commonly  supposed,  that 
the  electric  fluid  passes  through 
the  substance,  and  not  merely  over 
the  surfaces  or  metallic  conduc- 
tors ;  because,  if  a  wire  of  any 
kind  of  metal  be  covered  with 
some  electric  substance,  as  resin, 
sealing-wax,  ^c.  and  a  jar  be  dis- 
charged through  it,  the  charge 
/  will  be  conducted  as  well  as  with- 
in out  the  electric  coaling. 
|f  It  has  also  been  alleged,  that 
electricity  will  pervade  a  vacuum, 
and  be  transmitted  through  it 
almost  as  freely  as  through  the 
substance  of  the  best  conductor ; 
but  Mr.  Walsh  found  that  the 
electric  spark  or  shock  would  no 
mure  pass  through  a  perfect  va- 
cuum than  through  a  stick  of  solid 
glass;  in  other  instances,  however, 
when  the  vacuum  has  been  made 
with  all  possible  care  the  experi- 
meHt  has  not  succeeded. 

CuNDUCTOR  Primes  is  an  insulat- 
ed conductor,  so  connected  with 
the  electdcal  machine,  as  to  re- 
Hi 


celve  the  Cieetrieity  immediately 
from  the  «xcited  electric 

CoNDUCTOBs  of  lAghtning,  are 
pointed  metallic  rods  fixed  to  the 
upper  parts  of  buildings,  to  secure 
them  from  strokes  of  lightning. 

CONE,  is  a  solid  body,  having 
a  circular  base,  and  its  other  ex- 
tremity terminated  in  a  single  point 
or  vertex. 
Cones  are  either  HgAf,  or  oblique, 
A  Right  Cone,  is  that  in  which 
the  riKht  line  joining  the  v(;rtex 
and  centre  of  the  base,  is  perpen- 
dicular to  the  plane  of  the  base. 
It  may  be  conceived  to  be  gene- 
rated by  revolution  of  the  right- 
angled  triangle,  about  its  perpen- 
dicular. And  thus,  Euclid  deHnes 
a  cone  to  be  a  solid  figure,  whose 
base  is  a  circle,  and  is  produced 
by  the  entire  revolution  of  the 
plane  of  a  right-angled  triangle 
abont  its  perpendicular,  being  cul- 
led the  axis  of  the  cone. 

Ri«<:ht  cones  are  called  acute, 
obtuse, right-angled, or  equilateral, 
according  to  the  species  of  the 
vertical  angle. 

All  Oblique  Cone,  is  that  in  which 
the  line  joining  the  vertex  and 
centre  of  the  base  is  not  perpendi- 
cular, but  oblique,  to  the  plane  of 
the  base. 

Every  cone,  whether  ricjht  or  ob- 
lique, is  equal  to  one-third  of  a 
cylinder  of  equal  bate  and  altitude. 
And  therefore  the  solidity  of  a 
cone  is  found  by  multiplying  the 
area  of  its  base  by  one-third  of  its 
perpendicular  altitude. 

The  curve  surface  of  a  right  cone 
is  equal  to  a  circular  sector,  hav- 
ing  its  radius  equal  to  the  slant 
height  of  the  cone,  and  its  arc 
equal  to  the  whole  circumference 
of  the  cone's  base.  And  therefore 
this  surface  is  equal  to  half  the 
product  of  the  slant  side  into  the 
circumference  of  the  base. 

The  surface  of  an  oblique  cone 
is  not  quadrable ;  indeed,  no  rule 
has  yet  been  found  that  will  even 
lead  to  a  practical  approximation 
of  its  area,  notwithstanding  the 
attempts  of  several  ingenious  and 
able  mathematicians. 

The  solirlitv  of  a  cone  with  an 
elliptic  base,  forming  part  of  a  right 
cone,  is  equal  to  the  product  of  its 
surface  by  a  third  of  one  of  the 
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'  perpendiculars,  drawn  .from  the 
point  in  which  the  axis  of  tlie  riglit 
oune  intersects  the  ellipse;  and  it 
is  also  equal  to  oue-thitd  of  the 
height  of  the  cone  niuittp.ied  by 
the  area  of  the  eilipiic  base.  Con- 
sequently, the  above  perpend icuiar 
is  to  tiie  height  of  the  cone,  as  the 
elliptic  base  is  to  the  curve  sur- 
face. Its  curve  surface  iA  equal  to 
half  tiie  sum  of  the  circumfer- 
ences multiplied  by  the  slant  Hide ; 
and  its  solidity  to  the  snm  of  the 
squares  and  product  of  the  diame- 
ters multiplied  by  .7854,  and  by  ^ 
the  perpendicular  height. 

/VttJ^rumofaCoNK,  is  that  which 
is  formed  by  cutting  otf  the  upper 
part  of  a  cone,  by  a  plane  parallel 
to  its  base.  Put  the  greater  dia- 
meter =  D,  the  less  diameter  =  «fj 
the  height  =  A,  and  7854  =  ^;  then 

Surface  =r  2p  (D  +  d 

Solidity  =  AM  (D^  -f  Dd  +  rf*) 

Solidity  =  JpA-f  ■ 

CONGELATION,  the  transition 
of  a  liquic^  into  a  solid  state,  in 
consequence  of  an  abstracti<m  of 
heat:  thus,  metals,  oit,  water,  &,c. 
are  said  to  congeal  wlien  they 
pass  from  a  fluid  into  a  solid 
state.  With  regard  to  fluids,  conge- 
lation and  freezing  mean  the  same 
thing.  Water  congenis  at  32'';  and 
there  are  few  liquids  that  will  not 
congeal,  if  the  temperature  be 
brought  sufficiently  low.  Every 
particular  kind  of  substance  re- 
quires a  different  degree  of  tempe- 
rature for  its  congelation. 
^  CONGRUOUS  Quantities,  are 
those  which  are  of  the  same  kind, 
and  tlierefore  admitof  comparison  ; 
and  quantities  whicli  cannot  be  so 
compared,  are  incongruous  quan- 
lilie.s.  All  abstract,  numbers  are 
congruous',  but  concrete  numbers 
are  not  congruous,  unless  the  quan- 
tities they  represent  be  so.  Thus, 
three  and  four,  as  abstract  num- 
bers, are  concrnous ;  but  if  they 
denote  tinee pounds  and  four  miles, 
they  are  incongrnous. 

CONICAL,  any  thing  of  a  coni- 
cal fornj,  or  relating  to  the  cone. 

Conical  Ellipse,  Hyperbola,  Pa- 
rabola, denote  those  figures,  under 
their  most  simple  form,  as  cut  from 
the  cone,  to  distinguish  ihcm  fron* 
JJ0 


the  same  flsrnres  of  a  higher  order. 
See  the  respective  articleN. 

CoNiCAi.  Vngula,  or  Conic  Uh' 
gula,  ii  a  solid  formed  by  m  plane 
pa-jsmg  through  Uie  side  auid  base 
of  a  cone. 

Conic  Sections,  as  the  name  im 
plies,  are  such  curve*imes  and 
plane-figures  as  are  prtuluced  by 
the  intersection  of  a  plane  with  a 
cone. 

From  the  difl*erent  positions  of 
the  cutting  plane,  there  aii.se  tive 
different  sections;  viz.  a  triangle, 
circle,  ellipse,  parabola,  and  hyper- 
bola. But  only  the  three  latiei  are 
particularly  denominated  cohichq 
iions. 

1.  If  the  cutting^  plane  pa«.s 
til  rough  both  base  and  vertex,  tlie 
section  is  a  triangle, 

£.  If  it  pass  through  neither,  it 
is  a  circle  when  parallel  to  the 
base,  and  an  ellipse  when  not;  the 
obliquity  determining  the  eccen- 
tricity of  the  ellipse. 

3.  If  it  pass  through  the  base  and 
slant  side,  it  is  a  parabola  wiien 
parallel  to  the  opposite  side ;  and 
an  hyperbola  when  it  makes  an 
angle  with  that  side,  and  would 
meet  it  beyond  the  vertex  of  the 
C4)ne. 

4.  The  vertices  of  any  section  are 
the  points  where  the  cutting  plane 
meets  tlie  o)ipnsite  sides  of  the 
cone.  Hence  the  ellipse  and  hyper- 
bola have  each  two  vertices,  but 
the  parabola  only  one,  unless  we 
consider  the  other  as  at  an  infinite 
distance. 

5.  The  axis,  or  transverse  diame- 
ter, of  a  C(mic  section,  is  the  line 
joining  its  vertices;  therefore  tlie 
axis  of  an  ellipse  is  within  the 
ti;>ure,  <if  the  hyperbola  without  it, 
and  in  the  parabola  it  is  intinite  in 
length. 

6.  The  centre  of  a  conic  section, ' 
is  in  that  point  whicli  bisects  llie 
axis.  Hence  the  centre  of  an  el- 
lipse is  within  the  tignr?,  of  the 
hyperbola  without  the  figure,  and 
in  the  parabola  it  is  at  au  tofinite 
distance  from  the  vertex. 

The  definition  of  the  other  lines, 
in  and  about  the  conic  sections 
will  be  found  under  their  re«pec* 
tive  lieads. 

The  conic  sections  are  of  them- 
selves a  system  of  regular  cur^^es 


Conic  SecHonr. 


C  O  W — C  O  V 


allied  to  each  other,  the  doctrine 
of  which  is  of  the  greatest  use  in 
physical  astronomy,  as  well  as  in 
tlie  physico-mathematical  sciences, 
and  has  been  tnucli  cultivated  foy 
both  ancient  and  modern  mathe- 
iiiaiicians. 

^  There  are  three  methods  of  in- 
vestigating and  demonstrating  the 
various  properties  of  tlie  conic  sec- 
tions. The  first  is  to  consider  them 
as  they  are  really,  cut  from  the 
cone  Itself,  which  is  the  way 
adopted  by  all  the  ancients.  In 
the  second  method,  the  pfoperties 
are  deduced  from  arbitrary  de- 
Bcriptions  of  the  curves  in  ptann ; 
the  properties  belonging  to  these 
curves  being  shown  tu  apply  to 
those  actually  cut  from  the  cone. 
In  the  third  method,  the  chief  pro- 
jperties  are  inferred  from  the  dif- 
ferent modifications  of  the  general 
algebraic  equation  of  lines  of  the 
second  order,  and  the  established 
analogies  between  the  properties 
of  equations  and  those  of  curves. 

Origin  and  Ctneral  tlquatUm  of 
tlie  Omic  Sections, 

Let  a  right  cone  B  C  D  (pi.  conic 
sections,tg.  1,)  be  cut  by  any  plane 
AMP;  required  the  equation  of 
the  curve  MAm,  which  results 
from  the  intersection. 

If  through  the  summit  B  we 
cause  to  pass  a  plane  BCD,  per- 
pendicular to  the  base  of  the  cone, 
and  to  the  oatting  plane  AMP, 
the  intersection  of  these  tfiwro  planes 
-will  be  a  right  line  Aa;  and  tf  we 
cut  the  cone  parallel  to  its  base  by 
a  plane  FMG,  we  shall  obtain  a 
circle  whose  plane  will  be  perpen- 
dicular to  the  triangle  BCD,  and 
whose  intersection  with  the  plane 
AMP  will  be  a  right  line  P  M, 

?»erpendicular  to  the  two  right 
ines  A  a,  P  6.  The  line  P  M  will 
be  an  ordinate  common  to  both 
the  circle  and  the  section  BfAm. 

This  premised,  call  A  P  =  ar, 
P  M  =  »,  A  B  =  c,  the  angle  A  B  a 
=  B,  the  angle  BAa  =  A;  the 
well  known  property  of  the  circle 
gives  yy  =  FPxFG.  To  find 
analytical  expressions  lor  the  lines 
FP  and  PG,  draw  A  E  parallel  to 
C  D,  and  P  K  parnllel  to  B  D,  both 
in  the  plane  BCD;  this  gives  A  B 
:  sin  A  E  B  ::  A  £  :  sin  B.    But  the 


*  and    there. 


y   ,„^       180»  — B 
^  AEB  = J =  90-iB; 

therefore  sin  A  £  B  =  sin  (00—  ^  B) 
=  cos  4  B,  and  consequently  troni 
the  above  proportion  A  £  = 
c  X  sin  B 

cuft.  ^  B* 

Again,  the  triangle  APR  gives 
sin  A  K 1*  :  sin  A  P  K,  or  sin  A  K  B 
:  sin  A  a  B,  or  railier  cos  4  B  :  sin 
(A  +  B)  :  :  ar  :  AK  (because  the 
extei:nal  angle  Aa£  =  the  two  in- 
tenial   angles   A  and  B).    Hence 

A  K  =  ''  •'^'"  ^^  "t-  ^>  . 

C«n  A   B 

fore  KE  or  PG  = 
c  sin  B  —  X  RH»  (A  -+-  B) 

cos  \U 
To  find  an  expression  for  the  part 
FP ;  in  the  triangle  A  PF  we  have 
sin  A  F  P,  or  sin  B  F  G,  or  sin  B  G  F, 

1  i>  •     A     -nn      ^ sin  A  . 

COS  i  B :  a; : :  sm  A :  F  P  = • 

.  cos  4  B  » 

therefore,  by  substituting  these 
values  ol  F  P,  P  G,  we  have  y  y  = 

^jj^-^yg  J  «  sin  B-xx  sin  (A-f-B)  J 

for  the  equation  required. 

Now  there  can  occur  but  three 
cases.  First.  That  A  -}-  B  =  180", 
in  which  case  the  cutting  plane  is 
parallel  to  the  side  B  D  (pi.  conic 
sections, l&g, 2).  'this  conic  section 
is  called  a  parabola,  and  its  equa- 
tion is 

sin  A  X  sin  B  sin  'B 

«f  «f  =  ■  —  c  J?  = 

co«*iB  cos^B 

e  X  =  4  c  X  sin  »  ^  B,  by  (12  fig.)  (be- 
cause  sin  18*'0=  o,  and  sin  A  =  sin  ' 
h),ory=z±2siu^B^cx.  Con- 
sequently, the  parabola  is  a  curve 
formed  by  two  equal  and  similar 
branches,  infinitely  extended,  and 
constantly  receding  from  each 
other. 

Second.  If  A  -f  B  is  less  than  180', 
it  is  easy  to  perceive  that  the  plane 
AMP,  if  continued,  must  meet  the 
other  side  ED  (pi.  conic  sections, 
fig.  3).  The  conic  section  which 
results  is  called  an  ellipse,  and  is 
a  curve  formed  by  two  equal,  si- 
milar, and  finite  branches  A  Ma, 
Am  a.    Its  equation  is 

*'"  A       ;  .     ^ 


(sin  A  -I-  B)  i 
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Names. 

Number  of  the  Stars. 

Princiiial  Stars. 

Pto- 

iy. 

He  me- 

Bri- 

« 

ieniy. 

ciio. 

lius. 

tish. 

Mag. 

Phcenix , 

.. 

.^ 

.^ 

13 

Offivina  Sculptoria     . 
Eridanus     •       • 

__ 

•^ 

^_ 

12 

34 

10 

27 

84 

Achernar   .    I 

Hydrus 

10 

Cetus   .       .       .       . 

22 

21 

45 

97 

Menkar  .    .    S 

Fornax  Chemica 

14 

Uorologium 

.^ 

_ 

^_ 

12 

Reticulus    Bhomboi-l 
dalis 

10 

^"^* 

*^ 

Xiphias  Dorado 
Cglapraxitetlis  . 

.^ 

— 

m^ 

7 

— 

—— 

— 

10 

/ 

' 

Lepug 
Columba  NomcM 

12 

13 

10 

19 

_^ 

__ 

_ 

10 

Orion  .... 

38 

42 

02 

78 

Betpfgense.   1 

Argo  Navis 

45 

3 

4 

64 

Caiiopud.    .    1 

Cants  m^jor 

20 

13 

21 

31 

Sirius      .    .    1 

EquuUus  Pictorious, 
Monoceros  . 

— 

— 

— 

8 

J 

— . 

— 

19 

31 

At 

Cania  minor        •       . 

2 

2 

13 

14 

Procydn     .    1 

^*4 

Chamtclon    . 

— 

-1. 

— 

10 

^ 

Pyxis  Nautica    .       , 

— . 

— 

— 

4 

in 

Piscis  Volant      .       . 

__ 

^_ 

__ 

8 

Hydra 

27 

19 

31 

CO 

Cor  Hydrx .    1 

- 

Sextans 

^— 

— . 

11 

41 

£ 

Robur  Carolinum  ■     . 

— 

•^ 

— 

12 

0; 

Machina  Pneumatica, 

_ 

— 

— . 

3 

-J 
g 

Crater 

7 

3 

10 

31 

Alkes      .    .    3 

o 

Corvus 

7 

4 

— 

0 

Algurab.    .   S 

W 
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_ 

— 

— 

6 

• 
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— 

— 

— 

4 

Apus,  or  Avis  Indica. 

— 

— 

— 

11 
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— 

— 

— 

4 
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37 

— 

— 

?5 
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19 

— 

— 

24 
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— 

— 

12 
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— 

— 

5 

Ara       .        .        .        . 

7 

— 

< — 

9 
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— 

— 

— 

9 

Corctna  Austral  is 

]3 

— 

— 

12 

Pavo    .... 

— 

14 
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— 

— 

— 

12 

Mlcroscopium     . 

— 

— 

— 

10 

Octans  IladleUtnus    . 

— 

— 

— 

43 
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— 

— 

— 

14 
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— 

— 

— 

9 
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18 

— 

— 

24 
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CONSTRUCTION  of  MbtiatUms, 
in  AigebrOt  U  the  method  of  find- 
ing the  roots  of  equations  by  means 
of  geometrical  figures,  which  Is 
effected  by  lines  or  carves,  accord- 
ing to  the  order  or  degree  of  the 
equation* 

7b  cmufruet  a  Simple  Equation, 
'•This  b  done  by  resolving  the 
equation  into  a  proportion,  thus  : 
the  general  form  for  simple  equa- 
tions being  ax  =b,  or  a*  =  1 .  fr, 
it  is  only  necessary  to  find  a  fourth 
proportional  to  the  three  quanti- 
ties, a,  1,  and  6;  which  fourth  pro- 
portional will  give  the  value  of  x. 

To  construct  a  Quadratic  Equa- 
tion,—U  it  be  a  simple  quadratic, 
it  will  reduce  to  this  form  3fl  =  ab; 
whence  a  ix::xib,  or  x=  ^/ a&, 
a  mean  proportional  between  a 
and  b, 

Adfected  quadratics  will  be  of 
three  forms,  according  to  the  signs 
of  the  ternix,  the  general  equation 
afi  i  2ax  =  i  6,  not  admitting  of  a 
construction  that  will  apply  to  all 
the  varieties. 

1.  If  the  quadratic  heafl-{-iax=^ 
ft'y  then  form  the  right-angled  tri- 
angle whose  base  AB  (plate  II. 
fig.  5,)  isa,  and  perpendicular  BC 
is  b;  with  the  centre  A  and  radius 
AC,  describe  the  semi-circle  DCE ; 
then  DB  and  BE  will  be  the  two 
roots  of  the  given  quadratic ;  x 

being=  v/(^+a*)db«• 
2.  If  the  qnadrattc  be  x^  —  2ax 

=  6»,  the  construction  will  be  the 

tame  as  that  of  the  preceding  one, 

«=  «  ±  n/  (**  -ho^)    having    one 
positive  and  one  negative  valne. 

3.  But  if  the  form  be*«  — 2ffx 
r= — ^,  or  ^iax  —  ji^'  =  6« ;  coustrnct 
a  right-angled  triangle  whose  hy- 
pothenusc  (plate  II.  fig.  0,)  FG  is 
a,  and  perpendicular  GH  is  b,- 
with  the  radius  FG  and  centre  F, 
describe  a  semicircle  IGK ;  then 
shall  IH  and  HK  be  the  roots  of 
the  given  equation,  x  being  =  a  -^ 
(eft  —  6*).    In   this  form,    if  a  be 

Kreater  than  b,  the  equation  will 
avc  two  positive  roois  ;  but  if  a 
he  less  tlian  6,  the  solution  is  ma- 
nifestly impobsible. 

To  construct  Cubic  and  Biquad- 
ratic /Squations.^The  rool»  of  a 
biquadratic  equation  may  be  de- 
termined by  the  intersection  of 
two  conic  sections  ;  for  the  equa- 
tion by  which  the  ordinates,  from 
the  foar  points  in  which  these  co- 
iaf 


nic  sections  may  cot  on*  another, 
can  be  determined,  will  arise  Ui 
four  dimensions,  and  the  conic 
sections  may  be  so  assumed  as  to 
make  this  equation  coincide  with 
any  proposed  biquadratic ;  so  that 
the  ordinates  from  tliese  four  in- 
tersections will  represent  the  four 
roots  of  the  proposed  biquadrate. 

Let  M  W  M"  M"'  (plate  II.  fig.  7,) 
be  a  parabola  whose  axis  is  AP, 
and  llWUifiiif  a  circle  whose 
centre  isC  and  radius  C  M,  cutting 
the  parabola  in  the  points  M  M' 
M^M'^' ;  and  from  these  points  draw 
the  ordinates  to  the  axis  M  P,  M' 
p/,  M"P'/,  M'"PW,  and  from  O 
draw  C  D  perpendicular  to  the 
axis,  and  C  N  parallel  to  it  meet* 
ing  P  M  in  N. 

Let  AD  =  a,  DC=&,  CM  =  if, 
the  parameterof  the  parabola  =  ji, 
AP  =  X,  PM  =x.ff;  then  «r =y«. 

Also  CM*  =  CN«  +  NM^  or  ««= 

(*-«)«  4- (y-fr)»; 
or  x«_2<Mr-fa«  +  ya— 3^4-6* 

and  substituting   for  x   its   value 

-* ,   and  arranging  the  terms  ac- 

cording  to  the  powers  of  y,  this 
equation  becomes 
y*  _  (2pa — p«)  j^  —  Zhpiy  +  (a"-  +  b^ 
—  n^)p  =zOf  which  is  a  biquadruiic 
equation,  whose  roots  are  PM,  P' 
M/,  V"  M",  and  P'"  M«". 

If  one  of  the  intersections  of  the 
conic  section  fall  u|)on  the  axis, 
then  one  of  the  ordinates  vanislies, 
and  the  equation  by  which  these 
ordinates  are  determined  will  then 
be  only  of  three  dimensions,  or  a 
cubic,  to  which  any  proposed  cu- 
bic  equation  may  be  nccomnio- 
dated,  so  that  the  three  remaining 
ordinates  will  be  the  three  roots  of 
the  proposed  CHbic. 

Construction  of  Geometrical 
Problems. 

PROn.  1.  Giving  the  base  of  a 
rj{;ht-angled  triangle,  and  the  dif- 
ference between  the  hypothenuse 
and  perpendicular,  to  construct 
the  triangle. 

Const.  Let  A  B  (plate  IT.  fig.  8,) 
be  the  given  base,  and  B  D  the 
diflPerence  of  the  other  two  sides. 

From  the   extremity   B,  of  the 
given  base  A  B,  demit  the  perpen- 
dicular    B  D,   equal  to  the  given 
difference,  and  produce  \X.  \wAt^- 
nitely  towards  C.    Jo\u  K\>,  wvA. 
/ix>in  the  point  \  divM  ^^»  "vna^*^* 
L 


HATIICHATICAL  AKD 
tn^ihe  ■ntl«I>AC  =  ADC,  and 
nieFlinr  BD  prudneeil  m  C~ 
ihall  ADdKlbelrianglerHDl 
DemoHt.  Since  Ihe  anile  I 
=  ADC,  the  tide  AC  =  Ct>  (1 
■ni,  ])i  (hereforv  the  diffennce 
iwien  AG  and  CB  i>  cqnal  to 
bm  BD  ii  equal  to  ihr  glTcn 

cqDnJ  to  flic  lino  biMI  alu 
angle  B  If  1  ri«ht  ■"I'B;  c< 


IITSICAI.   ECIEKCK. 
h<>li  an  luch,  that  thaoae 
pKi  multlDlied  Intn   Lhe  fl»t 
iftbelam 


the  HLJKlonfiF  ihepropHcd  recian- 
Ele.  then  »l]l  be  deduced  a  'alae 
'  Diifliial  (Inilon,  In  lenni 
III  fteqnenUy  admit  of  Aaite 

nnenu. 
Tlil>  will  be  better  llluitniledbj 


le  1  for  in  tithei  c 

llneAGwmild  tic 
.utl<>nofBD,vhic 


leirleal  nrablen,  thoiiKh  It  i 

band  In  Ijhclid'M  ■'  »«ncnU; 

"  The  dUTirence  of  any  toi 

~  a  tHucle  li  leu  than  Lb> 

Paoi.  4^     GlTlD*   the  hfpoilie. 

SiTiMe'of^u  JiiKribed  K|na1«t'io 


third  tUt.' 


U  It,  al  the  point  B,  draw  B£  ^ 
to  hulf  the  diuonal  of  the  »l^'c 
■quate;  join  DB.  and  prudnCE 

D  ai  a  centre,  and  with  DF  u 
ladlHi,  daKiiba  the  arc  FC  catiln^ 
the  einsle  In  C ;  Join  AC,  BO,  and 
ABC  will  he  the  trian(le  require" 

COK  T  ACT,  Jii(<«i(,  l>  tliat  na 
by  a  carve  llneaad  atangnit  In 
at  the  point  of  rontact,  ii  leu  th. 
any   rlchtlincd   aD(le  whaleir 

thu  ft  it  ofui  Biain'tDde'or  qnl 

Continual  PnTsrUmsii  • 

CONTlSvATlON,  In  the  Wvi- 

""Fei'^general  rnlei  can  be  ilvcn 
in  these  operatloDi,  but  they  prln- 

^ntnciiy,,  in  the  (nrmi  of  a  r« 
ItKfle,  t'T  jirodnct  of  two  ac«ir», 


therefore  aa-^^|^=i- 


CONTINUED  J 


1      /±*e- 
culled  a  cvntiniud  _ 

ai.iiU<.l   iilikch  It  t 


c  a 


from  'Which  it  b  dedaced,  is  ra- 
tional or  irrational. 

The  above  is  the  most  general 
form  that  can  be  given  to  continu- 
ed fractions,  but  there  are  few 
cases  in  which  it  is  necessary  to 
have  any  others  than  those  whose 
numerators  are  unity;  and  signs  -4-, 
and  therefore  it  will  be  sufficient 
to  consider  the  latter  form  only. 

The  series  of  fractions  formed 
of  the  first  term,  the  first  two 
terms,  the  first  three  terms,  &c.  of 
any  continued  fraction,  are  called 
converging  fractions. 
Jb  reduce  any  proposed  rational 
Fraction  to-  a  continued  Fraction, 

Divide  the  denominator  by  the 
numerator,  then  the  divisor  by 
the  remainder,  and  so  qn;  and 
the  successive  quotients  will  be 
the  several  denominators  of  the 
continued  fraction,  1  being  the 
numerator. 

if  the  numerator  of  the  propos- 
ed fraction  be  greater  than  its  de- 
nominator, the  continued  fraction 
"Will  be  preceded  by  an  integer. 

Eiam.  Reduce  i^J  to  a  coutinu- 

ed  fraction. 
1171)9743(8 

87«;il71(3 

40)375(8 
7)40(0 

4)7(1 
3j4(l 
1)3(3 
therefore  the  proposed  fraction^ 
171  _J 

W4I    8+L,  , 

3 
And  in  the  aame  way  any  other 
rational  fraction  may  be  reduced 
to  a  coDtlnned  fraction.  It  is  not, 
however,  in  this  form  tiiat  they 
are  applied  lo  any  useful  arithnie- 
tieai  purpose.  In  order  to  their 
being  thus  employed  they  must  be 
reduced  to  a  series  of  converging 
fractions,  as  in  the  following  pro- 
position. 

To  reduce  any  given  continued 
Fraction  to  a  series  qf  converging 


o  ir       - 

nominator  for  the  first  fraction. 
For  the  second  fraction,  multiply 
the  terms  of  the  first  by  tlie  se- 
cond denominator,  adding  1  to  the 
product  of  the  denominator.  For 
every  succeeding  one  multiply  the 
terms  of  the  last  by  the  corres- 
pondmg  denominator,  and  add  to 
the  products  Uie  terms  of  the  last 
except  one. 

From  this  it  follows  that  the  dif. 
ference  of  any  two  contiguous 
fractions  is  1  divided  by  the  pro- 
duct of  their  denominators,  and 
that  the  difference  between  the  pro- 
duct of  the  numerator  of  each,  by 
the  other's  denominator,  is  also  1. 
To  extract  the  Square  Root  by  con* 
tinned  Fractions. 

Since  the  quantity  that  we  have 
to  represent  by  a  continued  frac> 
lion  is  irrational,  the  fraction 
which  expresses  it  must  consist  of 
an  indefinite  number  of  terms ;  but 
still  it  has  this  property,  that  after 
a  certain  period,  the  denominators 
of  the  several  fractions  recur  again 
in  the  same  order  as  at  first ;  and 
consequently,  after  having  arrived 
at  that  i)eriod,  the  series  may  be 
carried  on  to  any  length  at  pleasure. 

Let  it  be  required  to  extract  th:r 
square  root  of  10  by  continued 
fractions ;  we  first  find  the  great- 
est integer  contained  in  ^19, 
which  is  4;  therefore, 

v^l&— 4 
y/10  =  4  +  -i— - — }  or  multiplying 

v/19-|-4 
this  last  fraction  by   ...^^  .    ,y      we 

V  lU  -f-  4 

1-9—  16 
obtain  y/lQ  =  4  -f  -7-- •  =44-> 


3 


=  4+ 


1 


^Hi-i-4 


v/19-|-4         '  v/19+4«  We  next  find 

-     3 

.      ^^19  +  4 
the  greatest  integer  m -■■  ■  > 

\/19-f-4 

which  is  2,  whence  — =  2  4- 

*  3  ^ 

v/l9  — 2.         ,  ..  . 

- —  3  and  proceed  mg  as  be- 


V19  +  4      „,    v/19  — « 

fore.  ^    „        =  24-  - — 

3  '         i 


19-4 


=  2  + 


Tak«  th«  flrft  nomerator  and  de-, 


2  4-  

^  .^(V1J>— 2)  \/19  +  * 

&c.  and  in  the  same  way  we  may 

proceed  wiUi  any  ulhei  mVe^^x  w^V 
a  square. 


^"' "  't'l?+T"''"""'""' , ""' 


«nda  =  <.  lliei 


LdilT    Hpplied 


ireiroblrudn'iiMlf  'oii"ou't  n* 


BidhodofHlii  ' 


ofUieHcond.    Thu>!:S= 

CONTI[iuiT?ri«'»  if,  i»  >!■»' 
by  which  varUble  qusMilier  -- 


CONrn  irrrinN,  in  Phgtia,  the 
f  tbt  cauilng  lu 


l«  pTfe^eaXei  \t^  ^lu  rctiatanea 


of  til*  csttrul  pa 


OONyKBOENf,  ur  CaKvtriliit, 
vuioiuJy  <LLtpc«eiJ,  Ui  une  cummar 


vbofc  IrniB  eunUuiuiJiv  damtuiib. 

C  O  N  V  il  R  B  K,  In  J<B(*»uMci, 

connnnnly  liijutMi  th*  hihc  ilijiij 


■hm  it  aDp|H»rdi  UM  Uiviit  the 

which  Id  Uieulhi;riirKtBdppui«d,i 

DQwdrKWiiMaGotiClution  fniilL  LI 

Convwia  proyuiitKnii  itte  am  n* 


Muw  try  Iha  cunvine.     If  twu 
Ti|ht<4iiKd  Onni  uc  cquil,  Il>«n 

(i(h«r,  lh(ir  boundsry  linct  ■ 

lot   IhU  thil  pTuiUillDn,  thiiy(h 

MiH  hav«  cqimliinMi  bntlilli  In 

poHibl*  Iha  iHlci  o(  Uii  foiwer  en 

■11  eobicMc  wiih  thuKoTihi!  Imk." 

CONVH^RSION  Dl  PraporlUa, 


C  Oft 

CoHTuZflHJUtrrdT.  Sec  Liu 
Hfrror,  Ac. 

CONV&^ITV,  (he  exlcrlur  or 


O'Caiwtz  Len4,  I 


pppoecd  HI  rckti  iu«a  ibiti  dinrniil 
kDUun  tbM  thty  jip|jr>r  lu  h«vv 
rum  *ui  lo  weM.  ut  inipuml  ui 

COROLLARY,  kcuntqutiit 


11  MilJail  of  HmnMi.H 


mrlic  lr(imlhHIIIuikHi,biililcp«nd* 


d  ihB  fluxion  «fi±c 


*■>  (BTStCAl  BClBHrK. 


C  R  O— C  U  B 


sphere.  The  erepnsenU  are  occa- 
eioned  by  the  sun's  rays  .refracted 
in  our  atmosphere,  and  reflected 
from  the  particles  thereof  to  the 
eye.    See  Twilight. 

CROSS,  an  instmment  osed  in 
sarveying  for  the  parpose  of  rais- 
ing perpcndicalars.  It  oonsistH 
merely  of  two  pair  of  ^ghts  set  at 
right  angles  to  each  other,  mount- 
ed on  a  staff,  of  a  convenient 
height  for  use. 

GUBBS,  or  Cube  NtmAera,  in 
ArUkmetie,  and  the  Theary  of 
J>iumbers,  are  those  whose  cube 
root  Is  a  eomplete  integer. 

All  cube  numbers  are  of  one  of 
the  forms  4i»,  or  4i»  + 1,  that  is, all 
cube  numbers  are  either  divisible 
by  4,  or  when  divided  by  4  leave 
1  for  the  remainder. 

All  cube  numbers  are  of  one  of 
the  forms  On,  or  On  ;j:  1 ;  that  is, 
they  are  either  divisible  by  9,  or 
when  divided  by  9,  they  leave  for 
a  remainder  ±  1. 

Cube  numbers  divided  by  0  leave 
the  tame  remainder  as  their  root, 
when  divided  by  6.  And  conse- 
quently the  difference  between  any 
integral  cnbe  and  its  root  is  divi- 
sible by  0. 

Neither  the  sum  nor  difference 
of  two  cubes  can  be  a  cube,  that 
is,  the  equation  x"  ±  yS  =  s^  is  im- 
possible. 

The  sum  of  a  number  of  consecn* 
live  cubes  beginning  with  unity  in 
a  sqnare  whose  root  is  equal  to  the 
jium  of  the  roots  of  all  the  cubes. 

Tiiethird  differences  of  consecn- 
jtive  cubes  are  equal  to  each  other, 
\eing  each  equal  to  6. 
'    J9fiiid  the  Cnbe  Boot  of  a  given 
Number, 

1.  Separate  the  given  number 
into  periods  of  three  figures  each, 
by  putting  a  point  over  tlie  place 
of  units,  another  over  the  place  of 
thousands,  and  so  on  over  every 
third  figure,  to  the  left-band  in  in- 
teger, and  to  the  right  in  decimals ; 
and  then  find  the  nearest  cube 
root  of  the  first  period,  and  set  it 
in  the  quotient. 

2.  Sabtract  the  cube  of  the 
figure  of  the  root,  thus  found, 
from  the  first  period,  to  the  lefi- 
>iand,  and  annex  the  followinB 
period  to  the  remainder  for  a  divi 
dend. 

3.  Divide    this  dividend    by    3 
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times  the  square  of  the  figure  of 
the  root  above  determined,  artd 
the  first  figure  of  the  quotient  will 
be  the  second  figure  ot  the  root. 

4.  Subtract  the  cube  of  these 
two  figures  of  the  root  from  the 
first  two  periods  on  the  left,  and 
to  the  remainder  annex  the  fol- 
lowing period,  for  a  new  dividend, 
which  divide  as  before  ;  and  so  on 
till  the  whole  is  finished.  And 
finally  point  off  as  many  figures 
for  integers  as  there  are  periods  of 
integers  in  the  proposed  number. 

Ex,    Required  the  cube  root  of 

41278'»'2816  41278*M281(9(34-56  root 
3^    =  27 

32  X  3=27)  14-i7K(42d  figure  of  the 

41278  [root,  1st  two  pe- 

34'=     3t304  [riods 

843X3=»08)  l»;4-242(5, 3d  figure. 
41278*242  1st  tliree  pe- 
345'    =3  4 1  "03-023  [riods 

«^X  3=337073;  Si  40 1 /8lfl(04lh    fi- 

[j?ure 

and  thus  the  operation  may  be 
carried  on  till  the  root  be  obtain- 
ed to  any  degree  of  accuracy  re- 
quired. This  method,  however,  is 
extremely  iabonont,  and  in  seldom 
or  never  employed  ;  as  oilier  me- 
thods have  been  found  in  which 
the  approximation  is  carried  on 
much  more  rapidly. 

2.  Method.  Write  the  given 
number  under  the  form  «*  ^  b, 
then  by  the  binomial  theorem. 


«•  5*  A' 


Ha* 
tl.5  8-  b* 


3.6  a' 
^  &c.  ; 


3-i>-tf«'       s.o.y.iirt'i 

in  which  formula  substituting  llie 
valnes  of  a  and  b,  the  i<m>1  may 
as  above  be  found  to  any  degree 
of  accuracy  required.  It  sliould 
be  observed,  however,  that  this 
formula  can  only  bd  advantage- 
ously employed  when  the  given 
number  is  only  a  little  more  or 
less  ihannin  exact  cube. 

Ex.   Extract   the   cube   root  of 
1001. 

Here  1001  =  lO**  -t-  1,  therefore  a 
=  10  and  b  =  1',  consequently 

^  1001  =  10-1 4- 

7-7--  —  &C. 

SI  lt« 
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D  +  .Dolus— ADDMIIll 


IDE.    )Efi7  =  a)3'B»7Jn4 

CUBIC  EintaUm,  w  Algebra, 
dial  III  which  Ili«  hiEhrti  pn> 

■lie  ihird  digrH,  «  jS  +  nii 

Hnvmg  Snt  TCdaud  IbE  eq 
tinn    Ln   Die   fnrm  !>    +  M  =    . 
Uxkt  J  =  p  -f  9,  thrn 
J  »'  =  p*  +  i  W  (f  +  !)  +  !■' 

JM.'"'.'"""?'  +?*  =  ^-  """^' 


^  *  ]i6±s'[ll>'+J,o'-)j 


'>l^4T.;^- 


CURVATCRB  of  k  tine.  »  ■" 


cu 

circles  at  the  same  point:  and 
some  of  these  circles  fall  wholly 
"witlun  it,  being  more  carved,  or 
having  a  greater  cnnrature  than 
that  curve  9  while  others  fall  with- 
out it  near  the  point  of  contact, 
or  between  the  curve  and  tangent 
at  that  point,  and  so,  being  less 
deflected  from  the  tangent  than 
the  curve  it,  they  have  a  less  de- 
gree of  cnrvature  there.  Consc' 
quently,  there  is  one,  of  this  infi- 
nite number  of  circles,  which  nei- 
ther falls  below  it  nor  above,  it, 
but,  being  equally  deflected  from 
the  tangent,  coincides  with  it  most 
intimately  of  all  the  circles ;  and 
the  radius  of  this  circle  is  called 
the  radluK  of  curvature  of  the 
curve;  also  the  circle  itself  is 
called  the  circle  of  curvature,  or 
the  osculatory  circle  of  that  curve, 
because  it  touches  it  so  closely 
that  no  other  circle  can  be  drawn 
between  it  and  the  curve. 

Tb  determine  the  Radius  and  Cir- 
cle <^  Curvature. 

Let  ABe  (Plate  II. 'fig.  10.)  be 
aov  oarve.  concave  towards  its 
axis  A0 ;  draw  an  ordinate  DE  to 
the  point  B  where  the  curve  is  re- 
quired to  be  found ;  and  suppose 
EC  perpendicular  to  the  curve, 
and  eqmU  to  the  radius  of  the 
circle  Ble  or  cmrvature  songht; 
lastly,  draw  Ed  parallel  to  AD, 
and  d  e  parallel  and  v^definitely 
near  to  DB;  thereby  making  Ed 
the  fluxion  or  increment  of  the 
absciss  AD,  also  de  the  fluxion  of 
the  ordinate  DE,  and  Ee  that  of 
the  coEve  AE.  Now  put  sf  =  AD, 
y  ==  DS,  X  =  AE,  and  r  =  CE  the 
radios  of  curvature ;  then  is  Kc{  = 

x.de  =  9,  and  B e  =  «. 

Now,  by 

Sim.  tri.  the  3  lines  •  E  d,  de,  E e  , 

or  •    i  ,  i  ,     Zf 
are  respectively 
as  the  three  •  •  •  •  G£,  GG,  CE ; 

therefore*  .  •  •  •  .•  GC.a;  =  6E;r; 
and  the -flux,  of  this  equa.  is 

CC  .  «  +  do .  X  -^  GE.y*4-GEy, 

or  because  6C  =  —  BG,  it  is 

GC.x^BG.x^'GE.'^  +6E.J. 
But,  since  the  two  curves  AE  and 
BE  have  the  same  curvature  at 
the  point  B,  their  abscisses  and 
MO 


V  E 

ordinates  have  the  same  fluxions 

at  that  point,  that  is  B  d  or  x  is 
the  fluxion  both  of  AD  and  BG, 

and  d  e  or  y  is  the  fluxion  both  of 
DE  and  GE.  In  the  above  equa- 
tion therefore  substitute  x  for  BG, 
and  y  for  GE,  and  it  becomes 

GC  .X  —  a;ar  =  GE.y-}-yy, 
or  GC  *— GE.y=ar«-f  y«  or  3«. 

Now  multiply  the   three  terms 
of  this  equation    respectively  by 

th(>Sf>  thrAA    nnantirioa  ^ 


these  three  quantities, 

y_       X         z 

GU  '     GE  '•     CE  * 
equal,  and  it  becomes 


which     are 


y  x—x y= 


CB' 


or 


«'. 


and 


hence  r  = 


.'» 


which    is 
y  x—xy 

the  general  value  of  the  radius  of 
curvature  for  all  curves  whatever, 
in  terms  of  the  fluxions  of  the  ab- 
seil and  ordinate. 

CURVE  in  Geometry,  is  a  line,  the 
several  parts  of  which  lie  in  dif- 
ferent directions,  and  are  succes- 
sively posited  towards  different 
points  in  space. 

A  plane  Cortb,  is  that  of  which 
the  several  points  in  it  lie  in  the 
same  plane ;  when  this  is  not  the 
case,  the  curve  is  said  to  be  one 
of  double  curvature. 

CuRTB  Lines  are  distinguished 
into  algebraical  or  geometrical, 
and  transcendental  or  mechanical. 
Algebraical  or  Geometrical 
CuRvxs.  are  those  in  which  the 
relation  of  the  abscisses  to  the 
ordinates  can  be  expressed  by  h 
common  algebraical  expression ; 
and  Transcendental  or  Afechan- 
cal  Curves,  are  such  as  cannot. 

Lines  are  distinguisiied  into 
ders,  according  to  the  dimensions 
of  the  equation  by  which  they  are 
expressed ;   so  that  a  line  repre- 
sented by  the  general  equation 

0  =  a  -\-  bx  -\-  cy 
is  a  line  of  the  first  order ;  bnt  this 
eqnation    comprises    the    straight 
line  only,  which  is  the  most  simple 
of  all  lines. 

Lifies  of  the  second  order,  ot 
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Hyperbola  »'=  ^  (to  +  ^,) 
■nd  e  reprcienlins  Lhi  two  ui>  u 
thE  hyperlKiIa, 


mil  -(-    BlV +pjCff*  +  5Ij3  +  ^  ; 


Kj   daerlptlim   tr  charaeltrUHt 
jtroptrtiex  being  givtn. 

For  l\e  Circle.— am  Ihc 

Ut'therernre  CP  (PUte  II.  Bg. 
GK=r~i,iuiilDP<— CUo^PM' 

(BQClld,.lVii.  l,)th.U., 

SttBing  giKit  (:i(  £guaftDii  of  a 


Aunini!  Ihr  point  A  In  (he  rlglit 


iiancda  an  ths  umB  lida  of  ths 


The  %cleiiflit  Sun.  or 

called  ihe  dkdc*  IVuniicr,  I 
■     an  of    jg  jrari;   in  ■ 


ce,  ID  ^od  lAe  yiiir  i^  rA< 
^fur  C^/e,   add  a   Id    any  giicn 


3&e  C^cte  n/Eiiter,  a  m  rewly- 
plylngllio  KPiar  cycle  XI   by  llie 
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Easter  bas  scTeral  timet  been  a 
week  different  from  the  true  Eas- 
ter. The  earliest  Easter  possible, 
is  the  S3d  of  March ;  the  latest,  the 
35th  of  April.  Within  these  limits 
are  thirty<ilve  days,  and  the  num- 
ber belonging  to  each  of  them  is 
called  the  number  of  direction ; 
because  thereby  the  time  of  Easter 
is  found  for  any  given  year. 

CYCLOID,  IS  a  mechanical  or 
transcendental  curve,  poKsessing 
several  very  curious  properties. 
It  is  generated  by  making  a  circle 
revolve  along  a  line,  which  a  point 
in  a  radius  of  the  circle  traces  the 
curve.  The  line  is  called  the  base, 
the  diameter  of  the  circle  the  axis, 
and  the  circle  the  generating  circle. 
If  the  point  be  without  the  circle, 
the  cycloid  is  called  curtate;  and 
if  within,  it  is  called  jnrolate.  If 
the  point  were  in  the  centre  of  tlie 
circle,  the  cycloid  would  become 
a  line. 

If  the  circle  revolve  abont  ano- 
ther curve,  the  path  described  is 
called  an  epicycloid.  In  Mecha- 
nics, tbf  teeth  of  a  wheel  should 
be  formed  into  the  epicycloid 
made  by  the  revolution  of  the 
pinion. 

Properties  of  the  Cycloid.— Dr&'w 
any  right  ordinate  F6H,  (Plate  III. 
fie.  !•)  above,  join  C6,  and  from 
H  draw  HI  parallel  to  C6,  meelini; 
the  axis  DC  produced  in  I.    'i  hen, 

1.  IH  is  a  tangent  to  the  cycloid 
at  the  point  H. 

9.  The  circular  arc  C6  is  equal 
to  the  right  line  H6. 

3.  The  semi-circumference  C6D 
t=  semi-base  DB. 

4.  The  cycloidal  arc  CH  =  dou> 
ble  the  chord  CO. 

5.  The  senii-cycloidal  arc  CB  &= 
doable  the  diameter  CD. 

0.  The  area  of  the  cycloid  ACBA 
»  triple  the  area  of  the  circle  C6D. 

7.  The  three  spaces  ACD,  the 
circle  C6D,  and  CBD,  are  equal 
to  each  other. 

8.  The  upper  segment  of  a  cy- 
cloid cat  off^  by  a  line  parallel  to 
the  base,  at  J  of  the  axis  from  the 
verteic,  is  equal  to  the  regular  hex- 
ligon  inscribed  in  the  generating 
circle. 

9.  The  solid  generated   by  the 
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revolution  of  the  cycloid  abont  its 
base  AB,  is  to  its  circumscribing 
cylinder  as  5  to  8. 

10.  The  solid  generated  about 
the  tangent  parallel  to  the  base,  is 
to  its  circumscribing  cylinder  as 
7  to  8. 

1 1 .  And  the  sol  id  generated  about 
the  tangent  parallel  to  the  axis,  is 
to  its  circumscribing  cylinder  as  6 
to  8. 

12.  The  centre  of  gravity  of  the 
whole  cycloid,  is  fths  of  tlie  axis 
from  the  vertex. 

13.  The  e volute  of  a  cycloid  is 
another  equal  cycloid.  Hence,  if 
two  equal  semi-cycloids  OP,  OQ, 
(Plate  III.  fig.  2.)  be  joined  at  O^ 
so  that  OMs  MK,the  diameter  of 
the  generating  circle,  and  the 
stringof  a  pendnlum  be  suspended 
atO,  having  its  length  =  0K=  OP; 
then  by  plying  the  string  round 
the  curve  OP,  to  which  it  is  equals 
and  the  ball  of  the  pendulum  be 
let  go,  it  will  describe  and  vibrate 
in  the  other  cycloid  PKQ.  And 
all  its  vibrationrs,  whether  in  great 
arcs  or  in  small  ones,  will  be  per- 
formed in  the  same  time.  And 
the  lime  of  one  vibration  is  te  the 
time  of  falling  perpendicularly 
through  the  axis  MK,  as  the  cir- 
cumference  of  a  circle  to  its  dia^ 
meter,  or' as  3*1416: 1. 

14.  The  cycloid  is  the  curve  of 
swiftest  descent ;  that  is,  a  body 
will  fall  from  Q  to  K,  through  the 
arc  QK,  in  less  time  than  by  any 
other  rout. 

CYLINDER,  is  a  solid  having 
two  equal  circular  ends  parallel 
to  each  other;  and  every  plane 
section  parallel  to  the  ends  is  also 
a  circle,  and  equal  to  them. 

Cylinders  are  either  right  or  efr- 
lique. 

A  Right  C T  LI  NDiR,  is  that  whose 
side  is  perpendicular  to  the  plane 
of  its  base. 

An  Oblique  CTLiNDia,  is  that 
whose  side  is  oblique  to  the  plane 
of  its  base. 

To  find  the  surface  of  a  cylin- 
der :  Multiply  the  circumference 
of  the  base  by  the  height;  add 
the  surfaces  of  the  two  bases.  To 
find  the  solidity :  Multiply  the  area 
of  the  base  by  the  height. 
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DATA,  in  Mathematics,  denote 
certain  quantities  which  are  given 
or  known,  and  by  means  of  which 
other  quantities,  which  are  un- 
known, are  to  be  determined. 

DATUM,  the  singular  of  data. 

DAY,  in  Astronomy,  is  that  por- 
tion of  time  which  elapses  between 
two  successive  transits  of  the  sun 
over  the  same  meridian ;  and  the 
hours  are  counted  from  one  period 
to  another,  from  one  to  twenty- 
four. 

Mean  Solar  Day.  The  solar  day 
is  the  time  between  one  transit  of 
the  sun  and  another;  but  this  pe- 
riod is  not  of  equal  duration  at  all 
seasons  of  the  year.  See  Eqoa- 
TiOH  of  Time. 

Sidereal  Day,  is  that  period  in 
which  the  earth  makes  one  com- 
plete revolution  on  its  axis,  and  is 
mea&ured  by  the  interval  between 
two  successive  transits  of  any  fixed 
star  over  the  same  meridian.  The 
sidereal  day  is  about  four  minutes 
less  than  the  mean  solar  day,  the 
difference  arising  from  the  motion 
of  the  earth  in  its  orbit  Hence, 
the  Dumber  of  sidereal  dav^s  exceed 
the  number  of  mean  solar  days; 
the  year  consisting  of  3C8  of  the 
former,  and  only  385  of  the  latter. 
The  sidereal  day  is  the  most  uni- 
form of  ali  astronomical  periods, 
neither  observation  nor  theory 
having  yet  detected  in  it  the  least 
variation. 

DECAGON,  a  plane  geometrical 
figure  of  ten  equal  sides  and  an- 
gles. 

If  the  radius  of  a  circle,  or  the 
side  of  the  inscribed  hexagon,  be 
divided  in  extreme  and  mean  pro* 
]>ortioM,  the  greater  segment  will 
be  the  side  of  a  decagon  inscribed 
in  the  same  circle.  And,  there- 
fore, as  the  side  of  the  decagon  is 
to  the  radius,  so  is  the  radius  to 
the  sum  of  the  two.  Whence,  if 
the  radius  of  the  circle  be  r,  ti.e 
side  of  the  inscribed  decagon  will 

he — ^ —  X  r,  and  if  its  side  be  * 

iU  area  =  j«  X  7eM20D. 
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DECIMAL  JrUkmet*e,  in  ft  ge- 
neral sense,  denotes  the  c<mimoii 
arithmetic,  in  which  we  count  by 
periods  of  tens ;  and  is  otherwise, 
and  more  properly  called  XXeiMry 
Arithmetic^ 

DiciMAL  Fraetkn^iM  a  fraction 
having  always  soioe  Ppwer  of  It 
for  its  denommator ;  which  consists 
of  either  10, 100, 1000,  &c  denoting 
the  number  of  equal  parts  into 
which  the  integer  or  whole  is  8np> 
posed  ta  be  divided;  as ^  ^  jfL 

&c.  But,  for  the  sake  of  brevity,  the 
numerator  only  is  expressed,  like 
a  whole  number  with  a  point  on 
the  left  of.  it;  as  %  -OS,  -001,  ice. 
and  which  must  always  consist  of 
as  many  figures  as  there  are  ci* 
pliers  in  the  denominator;  the 
places  between  the  significant 
figures  and  the  point  being  so[> 
plied  with  ciphers.  For  the  seve* 
ral  operations  of  McLTiPLiCATio.t, 
Division,  &c.  of  Z^ecisiaj;*,  see  the 
several  articles. 

DKCLINATION,inA«fnmMqF.tlie 
distance  of  the  son,  a  star,  planet, 
or  other  point  of  the  sphere,  from 
the  equator,  either  northward  or 
southward ;  and  is  the  same  with 
latitude  in  geography.  Declina* 
tion  is  either  real  or  apparent,  ac- 
cording as  the  real  or  apparent 
place  of  the  object  is  considered. 

The  declination  of  any  heavenly 
body,  as  of  a  star,  may  be  easily 
found  by  the  following  rule:  take 
the  meridian  altitude  ofthestsr, 
at  any  place  where  the  laiitode  u 
known ;  the  complement  of  thb  ii 
the  zenith  distance,  and  is  called 
north  or  south,  as  the  star  iSBortk 
or  south  at  the  time  of  obserralioa. 
Then,  1.  When  the  latitude  of  the 
place  and   zenith  distance  of  ikc 
star  are  of  different  kinds, naaielyi 
one   north,  and  th«   other  soatk 
their  difierenoe  will  be  the  decli- 
nation ;  and  it  is  of  tbo  same  Uod 
with  the  latitude,  when  thatisths 
greatest  of  the  two,  otherwise  it  ii 
of  the  contrary  kind.    9.  If  the  Is- 
titude  and  the  zenith  distance  ut 
of  the  same  kind,  <•  e.  both  north 
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or  both«)utb,  their  snm  is  the  de- 
rliiiaiion ;  and  it  is  of  tiie  tanie 
Jcin<l  with  the  latitode. 

Circles  of  Declination,  are 
great  circles  pf  the  sphere  passing 
through-  the  poles, on  which  the  de- 
clination is  measured. 

ParaUeis  of  Dkclination.  are 
small  circles  of  the  sphere  parallel 
to  the  equator. 

Parallax^  or  Refraction  of  De- 
clination, is  sucti  an  Arch  of  a 
meridian  as  is  equal  to  the  change 
produced  in  the  declination  by 
paral  lax  or  refraction  respectively. 

DECREMENTS,  are  the  small 
parts  by  which  a  variable  quanti- 
ty decreases 

DEFINITION,  an  enumeration 
or  specidcatiun  of  the  simple  ideas 
of  which  a  compound  idea  con- 
sists, in  order  to  ascertain  its  na- 
ture and  character. 

Definitions  are  of  two  kinds;  tiie 
one  nominal,  or  of  the  name ;  the 
other  real,  or  of  the  thing. 

Nominal  definition  is  tiiat  which 
explains  the  sense  or  signification 
appropriated  to  a  word,  so  as  to 
leave  it  out  of  doubt  what  the  sub- 
ject is  that  is  intended  or  denoted 
by  the  name. 

DEFLECTION,  the  turning  any 
thing  aside  from  its 'former  course 
by  some  adventitious  or  external 
fause. 

Deflection  of  the  Rays  of 
Light,  is  the  same  property  which 
Sir  Isaac  Newton  calls  inflection. 
It  is  called  bv  others  diffraction. 

DEFLECTIVE  Forces,  are  those 
forces  which  act  upon  a  moving 
body  in  a  direction  different  from 
that  of  its  actual  course,  in  conse- 
quence of  which  the  body  is  de- 
flected, or  turned,  or  drawn  aside, 
from  the  direction  in  which  it  is 
moving. 

DEGREE,  in  Algebra,  a  term 
applied  to  equations,  to  distinguish 
the  highest  power  of  the  unknown 
quantity. 

Peg  BEE,  in  Geometry  or  Trigo- 
nometry, is  the  300th  part  of  the 
circumference  of  anjr  circle. 
Every  circle  being  considered  as 
divided  into  300  parts^  called  de- 
133 


grees;  which  are  marked  by  a 
small  ^  near  the  top  of  the  figure ; 
thus  45"  is  45  degt-ees. 

The  degree  is  subdivided  into  60 
smaller  parts,  called  minutes, 
meaning  first  minutes;  the  mi- 
nute into  60 others, called  seconds; 
tlie  second  into 60  thirds,  Ike.  Thus 
45"  12/  20'',  are  45  degrees,  12  mi. 
nutes,  20  seconds. 

The  magnitude  or  quantity  of 
angles  is  accounted  in  degrees ;  for 
because  of  the  uniform  curvature 
of  a  circle  in  all  iti  parts,  equal 
angles  at  the  centre  are  subtended 
by  equal  arcs,  and  by  similar  arcs 
in  peripheries  of  difl'erent  diame- 
ters ;  and  an  angle  is  said  to  be  of 
so  many  degrees  as  are  contained 
in  the  arc  of  any  circle  compre- 
hended between  the  legs  of  the 
angle,  and  having  the  angular 
point  for  its  centre.  Thus  we  say, 
an  angle  of  00%  or  of  4S°  24/.  It  is 
also  usual  to  say,  such  a  star  is 
elevated  so  many  degrees  above 
the  horiz<ni,  or  declines  so  many 
degrees  from  the  equator ;  or  such 
a  town  is  situate  so  many  degrees 
of  latitude  or  longitude.  A  sign 
of  the  ecliptic  or  zodiac  contains 
30  degrees. 

Dbgkke  of  Latitude,  is  the  ipace 
or  distance  on  the  meridian  through 
which  an  observer  must  move,  to 
vary  his  latitude  by  one  decree,  or 
to  increase  or  diminish  the  dis- 
tance of  a  star  from  the  zenith  by 
one  degree  ;  and  which,  on  the 
supposition  of  the  perfect  spheri- 
city of  the  earth,  is  the  380th  part 
of  the  meridian. 

The  quantity  of  a  degree  of  a 
meridian,  or  other  great  circle,  on 
the  surface  of  the  earth,  is  vari- 
ously determined  by  different  ob- 
servers ;  and  the  methods  made 
use  of  are  also  various'. 

In  the  infancy  of. this  part  of 
science,  the  increase  of  the  degrees 
of  latitude  toward  the  pole  was 
considered  as  proof  that  the  earth 
was  elongated  ;  but  this  was  soon 
corrected,  by  considering  that  the 
plumb-line  is  a  perpendicular  ta 
the  tangent,  and  not  a  continaa* 
tioQ  of  the  diameter. 
H 
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Degrib  of  Longitude,  is  the 
space  between  two  meridians  that 
make  an  angle  of  l"*  with  each 
other  ai  the  poles;  the  quantity  or 
length  of  which  is  variable,  ac- 
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cording  to  the  latitude, being evciy 
where  as  the  cosine  of  the  lalitade; 
VIZ.  as  the  cosine  of  one  latitadie  is 
to  the  cosine  of  another,  to  is  tbt 
length  of  a  degree  in  toe  fuw* 
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latitude  to  that  in  the  latter,  on 
the  sappoaitkm  that  the  earth  is 
spherical.  But  taking  the  earth  as 
a  spberuhi,  the  degree  of  longi- 
tude  may  be  found  in  nAy  given 
latitude  L,  by  saying, 

1.  As  the  equatorial  diameter  to 
the  polar,  so  is  tang.  (00** — L,)  to 
tang,  of  an  angle  A ;  then,  2.  As 
radius  to  sine  of  A,  so  is  the  length 
of  a  degree  of  the  equator  to  the 
length  of  a  degree  on  the  parallel 
of  the  given  latitude. 

DENOMINATOR  of  a  Fraction, 
is  that  number  written  below  the 
line  expressing  the  number  ot 
parts  into  which  the  unit  is  sup- 
posed to  be  divided  ;  thus  in  the 

5     a 
fractions  ,-^  >  r »  13  and  b  are  the 
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denominators. 

DENSITY,  strictly  speaking,  de- 
notes vicinity  or  closeness  of  par- 
ticles ;  but  in  mechanical  science 
it  is  used  as  a  term  of  comparison, 
expressing  the  proportion  of  the 
number  of  equal  moleculae,  or  the 
quantity  of  matter  in  one  body  to 
the  number  of  equal  molecule  in 
the  same  bulk  of  another  body.  It 
is.  therefore,  directly  as  the  quan- 
tity of  matter,  and  inversely  as  the 
magnitude  of  the  body. 

Since  it  may  be  shewn  experi- 
menully  thai  the  quantities  of 
matter,  or  the  masses  in  different 
bodies,  are  proportional  to  tiieir 
-weight ;  of  consequence,  the  den- 
sity of  any  body  is  directly  as  iu 
weight,  and  inversely  as  its  mag- 
nitude ;  or  the  inverse  ratio  of  the 
magnitudes  of  two  bodies,  having 
experimentally  equal  weights  (in 
the  same  place),  constitutes  the 
ratio  of  their  densities. 

Mo  body  b  absolutely  or  per- 
fectly dense ;  that  is,  no  space  is 
{>erfectly  full  of  matter,  so  as  to 
lave  no  vacuity  or  inierbtioes. 

DxNsiTT  of  the  Earth.  The  de- 
termination of  the  density  of  the 
earth,  as  compared  with  that  of 
water,  or  any  other  known  body, 
is  a  subject  which  has  excited  con- 
siderable interest  amongst  modern 
mathematicians,  and  nothing  can 
at  first  sight  seem  more  beyond 
the  reach  of  hauian  science  than 
the  due  8oluti<m  of  this  problem ; 
yet  this  has  been  determined,  and 
on  snch  principles,  thai  if  it  be  not ' 
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correctly  true,   it  is  probably  an 
extremely  near  approximation.  ^ 

The  first  idea  of  determining  the 
density  of  the  earth  was  suggested 
by  M.'Bouguer,  in  consequence  of 
the  attraction  of  Chimboraco, 
which  affected  his  plumb-line 
while  engaged  with  Condamine  in 
measuring  a  degree  of  the  meridi* 
an,  near  Quito,  in  Peru.  Tliis  led 
to  the  experiments  on 'the  moun- 
tain Scbehallien,  in  Scotland, 
which  were  carried  on  under  the 
direction  of  Dr.  Maskelyne,  and 
afterwards  submitted  to  calcula- 
tion by  Dr.  Hutton,  who  determin- 
ed the  density  of  the  earth  to  be 
to  that  of  water  as  A\  to  1.  But  in 
consequence  of  the  specific  gravity 
of  the  mountam  being  assumed  ra- 
ther less  than  it  ought  to  have 
been,  the  above  result  is  less  than 
the  true  density,  as  has  since  been 
shewn  both  by  Dr.  Hutton  and 
Professor  Play  fair,  the  former  of 
whom  makes  it,  in  his  corrected 
paper,  as  99  to  20,  or  nearly  as  C 
to  1. 

The  same  problem  has  been  at- 
tempted on  similar  principles,  but 
totally  in  a  different  manner,  by 
the  late  Mr.  Cavendish,  who  found 
the  density  of  the  earth  to  be  to 
that  of  water  as  5'48  to  1.  Taking 
a  mean  of  ail  these,  we  have  the 
density  of  the  earth  to  that  of  wa- 
ter as  5*24  to  1. 

Density  of  the  Planets.  Since 
the  d^sity  of  a  body  is  directly 
as  its  mass,  and  reciprocally  as  its 
magnitude ;  any  two  of  these  be- 
ing given,  the  third  may  be  deter- 
mined. Now  the  magnitude  of  the 
several  planets,  as  also  of  the  sun, 
being  supposed  known  from  ob- 
servation, if  we  can  determine 
their  masses,  their  densities  will 
thus  also  become  known. 

The  power  of  attraction  with 
which  any  central  body  acts  upon 
another  body  revolving  about  it, 
is  directly  as  the  mass  of  the  cen- 
tral body,  and  reciprocally  as  the 
square  of  the  distance  of  the  re- 
volving body ;  and  this  power  may 
be  measured  by  the  deflection  of 
the  revolving  body  in  a  given  time 
from  the  direction  of  its  tangent. 
Now,  if  we  consider  the  earth  as 
the  central,  and  the  moon  as  the 
revolving  body,  the  det^ecXXow  cv^ 
tlie  latter  in  one  tecoud  \%  >K.Tiov(VK 
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ccnrnl    biidy    It   reciprucalty  as 


^ST^^'ir'L^^^li' 


II  Lhe  I 


It  lh» 


being  cqufti,  11  (ol1nw»,  thi 
nan  of  Io|riWr  ii  UO  tiinei  El 
The  dinnlly  of  the  inn,  an 


DEPARTURE,  in  Kevlgatla^,  fa 


'  tbcy  ue  of  odd  d 
GenmSy'l"' 


(Md  i  for,  oiling  lhe 
lie  eirth  AC,  and  t>ie 
lie  height  CB,  we  l»vc 
GA  :  CB  =  md.  :  nee 
CD  :  GA  ^  nd.  :  eon 
rlilcllC-llIheeuiile  ■ 
UBRIVATIONS, 


irivins  Uienudm 
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ways  Ibnnd  by  maltipljring  the 
index  m  of  the  first  term,  into  that 
term  when  its  index  has  been  dW 
minished  by  nnity. 

Let  then  D  be  assumed  tn  de* 
note  that  operation;  then,  D  a*" 
represents  msfl* — »,  D  «* — i=ss(m— 1) 
am — ■* ;  D  <i    "»  =  — niwr— "• — i,  D . 

Jm  =  m  1«" — ',  or  m,  D .  1}  =  4  . 
1—4,  so  also  DD  «■•=-»•  D  «"•—»= 
tn  (m—l)  «i»— «  DDD  «»  = 

m  DD  a»— >=ii»  («•— I)  D  a»"— *- 

m .  (m—  1)  (m  —  S)  o»— ». 

Whence  it  readily  follows,  that 
DDD....D,  sapposmg  there  to  be 
n  D*8,  will  represent  n  such  opera< 
tions  as  those  above,  and  express- 
ing these  n  D's  by  the  abridged 
expiession  D«,  we  shall  have 
Di»a"«  =  Ml  (»— 1)  ("•—«)  (••— 3,) 

&c.  (m — n-\-l)  a>» — «• 
D'^a'^    =  3  .  2 .  1  rf», 
D**  ff*    =  4  .  S  .  S  a 
J)sim   =^  m  (m—  1)  (m—  2)  l"— « 
D«  a— «»=  —  » — (*•  +  1)  a— »«-^ 

&c.  &c. 

Whence  it  follows  that  the  bino- 
mial (a  +  ^E^)  according  to  this 
notation  becomes 


D^  «*"  «• 

1.2. 
Or  if 


1.2 


3 

D» 

e 


be  nnderstood  to  repre- 


sent 


D» 


1.2,3 
D« 


-that is  09  s 
IS  e 


then  the  above  is  more  simply  ex- 
pressed (0  -\-  x)  »»=xa"»H-l)a"»a: 

-f  D<  flP  **  +  DS  o*«  aS  4-  &c. 
«  e 

D  ASCENSION,  in  jtstranomp^is 
either  rigki  nr  obligue.  ^ 

Ri^ht  Dbscknsion,  is  the  arch 
of  the  equator  which  descends 
with  the  sign  or  star  below  the 
horizon  of  a  direct  sphere. 

Oblique  Disckmsion,  is  the  arch 
of  tlie  equator  which  descends 
with  the  sign  or  star  below  the 
ht>rizon  of  an  oblique  sphere.     See 

.^ftC  £  M  S I  ON  • 

DESCENSIONAL  Difference,  is 
the  difference   between   the  right 
and  oblique  descension  of  the  same 
.  ^tar^  or  point  of  the  heavens. 
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DESCENT  of  Bodks,  in  Mech» 
nies,  is  their  inotion  or  tendency 
towards  the  centre  of  the  earth, 
either  in  a  direct  or  oblique  di-^ 
rection. 

A  body  dropt  from  the  top  of  a 
tower,  instead  of  falling  to  the 
westward  ut*  tlie  tower,  ought  to 
fall  a  little  to  the  eastward  of  it, 
1(1  consequence  of  the  velocity  of 
rotation  being  greater  at  the  top 
than  at  the  foot  of  the  tower.  La 
Place  gives  the  following  theorem 
for  the  computation  of  .this  deilec- 
tiort :  Let  h  ae  the  heicht  the  body 
ialls,  ^  =>  double  the  space  a 
body  will  descend  in  the  first  se- 
cond from  the  action  of  gravity, 
n  =s  the  angle  nf  the  earth's  roia-. 
tion  in  the  same  time,  at  the  rate 
of  360"  -r  0g97«7  in  a  day,  and  0  the 

colatitude  of  the  place,  also  D  the 
deviation  towards  the  east,  then 

I  D  »  3  i»  A  sin.  By/^ 


DESCRIPTIVE  Geometry,  a  spe- 
cies of  geometry  almost  entirely 
new,  and  which  we  owe  in  great 
measure  to  M.  Monge. 

When  any  surface  whatever  je- 
netrates  another,  there  most  ne- 
quently  results  fiom  tneir  intersec- 
tion curves  of  double  curvature, 
the  determination  of  which  is  ne- 
cessary in. many  art8,as  in  groined 
vault-work,  cutting  arch-stnnes, 
wood-cutting,  for  ornamental 
work,  &c.  the  form  of  which  is 
frequently  very  sincular  and  com- 
plicated: it  is  in  the  solution  of 
problems  appertaining  to  these 
subjects  that  descriptive  geometry 
is  especially  useful. 

We  can  only  mention  one  or  two 
of  the    problems   and    theorems. 
Thus,  -among   the  problems :    1st, 
Two   right   lines    being    given    in 
space,  and  which  are  neither   pa- 
rallel nor  in  the  same  plane,  to  find 
in  both  of  them  the  pcfints  of  their 
least  distance,  and  the  position  of 
the  line  joining  these  points.    2d, 
Three  spheres  being  givep  in  space, 
to  determine  the  position  of   the 
plane  which  touches  them.    There 
are  also  curious  problems  relative 
to  lines  of  double   curvature,  and 
to  surfaces  resulting  from  the  ap* 
plication  of  a  riRht  line  that  Ittivi^ 
Af  3 
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continually  npon  two  or  three 
others  given  in  position  in  space. 
Among  the  theorems,  the  follow- 
ing may  be  mentioned  :  it'  a  plane 
lurface  given  in  space  is  prelected 
upon  three  planes,  the  one  horizon- 
tal and  the  two  others  verlical  and 
perpendicular  to  each  oUier,  the 
square  of  that  surface  will  be 
equal  to  the  sum  of  the  squares  of 
the  three  surfaces  of  projection. 
This  theorem  is  as  interesting  in 
the  geometry  of  solids,  as  Euc.  !• 
xlviii.  is  in  plane  geometry. 

DETERMINATE  Problem,  and 
Analysis,  in  Geometry,  is  that 
which  admits  but  of  a  certain  and 
determinate  number  of  solutions, 
being  thus  opposed  to  indetermi- 
nate problems,  the  number  of 
whose  solution  is  nnlimited. 

DEVELOPEMENT,  is  a  term  used 
to  denote  the  transformation  of 
any  function  into  the  form  of  a 
series:  thus  the  developenient 
(a  +  6)"»,  is  the  expansion  of  it 
into    the  form  a"*  4-   wa"* — b  + 

m .  (m — 1 )  „,    .    «, 
am— 26  4-  &c. 

DIACAUSTIC  Curve,  or  Caustic 
by  RefractUm,  is  a  species  of  caus- 
tic curves,  formed  by  a  curve 
touching  all  the  rays  from  a  point 
that  are  refracted  by  another  curve 
in  such  a  manner  as  that  the  sines 
of  the  angles  of  incidence  and  re- 
fraction are  always  to  each  other 
in  a  given  ratio. 

DIAGONAL,  in  Geometry,  a 
right  line  drawn  across  a  quadrila- 
teral or  other  figure,  whether  plane 
or  solid,  from  the  vertex  or  sum- 
mit of  one  angle  to  that  of  ano- 
ther. 

It  is  demonstrable,  J.  That  every 
diagonal  divides  a  parallelnp^iain 
into  two  equal  pnits.  2.  That  two 
diagonals  drawn  in  nnj'  piuallo- 
logram  bisect  each  otlier.  .3.  A  line 
passing  through  the  imd-lie  point 
of  the  diagonal  of  u  parallelogram, 
divides  the  figure  into  two  equal 
parts.  4.  The  diagonal  of  a  squni  c 
is  incommensurable  with  one  of  its 
sides.  6.  The  sum  of  the  squares 
of  the  two  diagonals  of  every  pa- 
rallelogram is  Cijiial  to  the  sum  of 
the  sijuares  of  the  four  sidfS. 
0.  In  any  trapezium,  the  sum  oi 
the   S(jiiarc3  of   the    lour    b»d'_'s  is 


equal  to  the  sum  of  the  sqiiares  of 
the   two  diagonals,  .together  with 
four  times  the   square  of  the  dis- 
tance  between  the  middle  points 
of  the  diagonals.    7.  In  any  trape- 
zium, the   sum  of  the  squaiesuf 
tli'e  two  diagonals   is   double  the 
sum  of  the  squares  of  two  lines 
bisecting  the  two  pairs  of  opposite 
sides.    8.  In  any  quadrilateral  in- 
scribed in  a  circle,  the   rectangle 
of  the  two  didgonals  is  equal  to 
the  sum  of  the  two  rectangles  nn- 
der  the  two  pairs  of  opposite  Hdes. 
9.    In   every  parallelopiped,  tlie 
sum  of  the  squares. of  the  four  dia- 
gonals of  the  solid  is  equal  to  tbe 
sum  of  the  squares  of  its  twelve 
edges.    10.   In   every    hexaedmu, 
regular   or  not,   the  sum   of  the 
squares  of  the  twelve  edges,  pln< 
the   sum   of   the    squares  of  the 
twelve  diagonals  of  the  faces,  is 
equal  to  three  times  the  sum  of 
the  squares  of  the  four  diagonals 
which  cross  the  solid,    plus  foar 
times  the  sum  of  the  sqnaresof  the 
six  right  lines  which  join,  two  by 
two,  the  middle   points  of  those 
four  latter  diagonals.    II.  In  every 
polj'^gon,  and  in  every  polyedroa, 
the  sum  of  the  squares  of  the  lioei 
which  join,  two  by  two,  the  mid- 
dle points  both  of  sides  and  diago- 
nals, is  the  quarter  of  the  saoi  of 
the  squares  of  those  sides  and  dia- 
gonals; multiplied  by  the  number 
of  summits  of  the  polygon  or  poly* 
edron,   diminished    by   two  units. 
12.  A  farther  generalization  of  the 
latter  property  leads  to  the  auK 
celebrated  property  of  the  centre 
of  gravity. 

DIAGRAM,  a  schente  for  the 
explanation  or  demonstration  of 
any  figure  or  of  its  properties. 

DIAL,  or  Sun-Vial,  an  instru- 
ment >erving  to  measure  time,  by 
means  of  the  shadow  of  the  sun. 

Vnimrsal  DiAr.,  there  are  wrt- 
rnl  kiudsof  dials  called  nniveral, 
because  they  serve  for  all  laUlude*.     I 
One  of  u  very  ingenious  coitstnic-     '. 
tion  has  lately  been    invented  by 
Mr.  G.  VVri.;ht,  of    Ltmdon.   The 
hour  circle,  or   inch   and  latitiide 
arch,  are  the  portions  of  two  na- 
ridian  circles;  one  lixe'd,  and  tH' 
other    inoveable.       The    hour  tt     I 
dial  plate    at   top    is    fixed  to  an 
arch,  iuid  has  uii  index  that  uuHt* 
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with  the  hour  circle^  therefore, 
the  <:onstraction  of  this  dial  is  per> 
I'ectly  similar  lo  the  construction 
of  tlie  meridifttis  and  'hourcircles 
upon  a  common  globe.  The  peon- 
]iar  problems  to  be  performed  by 
this  instrument  are,  1.  To  find  the 
latitude  of  any  place.  3.  The  lati- 
tude of  the  place  being  known,  to 
find  the  time  by  the  sun  and  stars. 
3.  To  find  tlie  sun  or  stars'  altitude 
and  azimuth. 

Bat  the  dial  being  properly  ad* 
justed,  a  great  variety  of  astrono- 
mical and  trigonometrical  prob- 
lems may  be  wrought  upon  it. 

DIALLING,  the  art  of  drawing 
dials  on  the  surface  of  any  given 
body,  whether  plane  or  curved. 

Dialling  is  wholly  founded  on 
the  diurnal  motion  of  the  earth. 

The  edge  of  the  plane  by  which 
the  time  of  the  dav  is  found  is 
called  the  stile  of  the  dial,  which 
must  be  parallel  to  the  earth-'s 
axis;  and  the  Tme  on  which  this 
plane  is  erected  is  called  the  sub- 
stile.  The  angle  included  between 
the  substile  and  stile  is  called  the 
elevation  or  height  of  the  stile. 

l(  the  stile  be  at  right  angles  to 
tlie  substile,  the  distances  of  the 
hour  lines  will  be  equal,  each 
making  an  angle  of  15** ;  and  if  the 
stile  be  parallel  to  the  substile,  the 
distances  will  be  the  tangents  of 
1^,  30',  45%  the  distance  of  the 
style  and  substile  being  radius.  If 
the  position  of  the  stile  and  sub- 
stile be  obliqne,  the  measures  may 
be  determined  by  cutting  the  lines 
drawn  to  tlie  points  of  the  tangents 
at  the  same  obliquity,  or  they  may 
be  found  bj*  calculation.  Thus  for 
a  Horizontal  dial,  that  is  a  dial 
having  its  substile  parallel  to  tlie 
horizon ; 
.  As  Radius 

Is  to  the  sine  of  the  latitude  of 
the  place. 

So   is  tangent  of  Run's  distance 

from  the  meridian 
To  the  tangent  of  the  angle  from 

the  meridian  on  the  dial. 
The  preceding  construction  and 
computation,    for  the   case  of   an 
horizontal  dial  ma^'  be  said  to  in- 
clude the  whole  theory  of  dialling, 
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for  there  is  no  plane,  however  ob- 
liquely siLuaied  with  respect  to 
any  given  place,  but  what  us  paral- 
lel to  the  horizon  of  sonic  oiiier 
place  ;  and  therefore,  if  we  find 
that  other  iilace  by  a  problem  on 
the  terrestrial  globe,  or  by  a  trigo- 
nonieiriual  ralcalatiun,  and  con* 
struct  a  horizontal  dial  for  it.  that 
dial,  applied  to  the  plane  where  it 
i%  to  serve,  will  be  a  true  dial  lor 
that  place.— Thus,  an  erect  direct 
south  dial  in  51^^^  N.  lat.  would  be 
a  horizontal  dial  on  the  same  me- 
ridian, 90'  southward,  which  falls 
in  with  38^'  S.  lat. :  but  if  the  up- 
right plane  declines  from  facing 
the  south  at  the  given  place,  it 
would  be  a  horizontal  plane  W* 
from  that  place  ;  but  for  a  difTur- 
ent  longitude,  which  would  alter 
the  reckoning  of  the  hours  accord- 
ingly. 

DIAMETER,  in  Geometry,  tlie 
line  which  passing  througb  the 
centre  of  a  circle,  or  other  curvi- 
linear figure,  divides  it  or  its  re- 
spective ordinates  into  equal  parts. 
Conjugate  Diametxr  of  a  Conic 
Section.    See  Conjugate. 

Transverse  DiAUsraa  of  a  Conh 
Section,  is  a  line  drawn  through 
the  foci  to  the  curve. 

DiAMETBR  of  the  Planets,  &c.  in 
Astronomy,  is  cither  real  or  appa- 
rent. 

The  real  diameters  are  the  ab- 
solute measure  of  them  in  miles, 
&c.  and  their  apparent  diameters 
are  the  angles  under  which  they 
appear  to  spectators  on  the  earth. 
The  general  position  of  the  style 
being  thus  constant,  the  whole  art 
of  dialling  is  reduced  to  one  prob- 
lem, VIZ.  finding  the  points  at  which 
rays  drawn  from  the  style,  and,  at 
15"  apart,  would  cut  the  substyle  ; 
and  this  may,  in  a  great  variety  of 
cases,  be  done  by  means  of  a 
globe  :  for  if  the  pole  of  the  globe 
be  so  elevated  as  to  form  with  the 
hoiiz(m  the  angle  which  the  style 
makes  with  the  substyle,  t>ien  the 
hour  circles  on  the  globe  will  cut 
the  horizon  in  the  angles  required  ; 
and  lo  wliatever  angle  the  pole  is 
raised,  the  six  o'clock  lines  will 
cut  the  east  and  west  points. 
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is  increased  by  A,  or  wlieu  it  be- 
comes x-\~h. 

Let  the  first  term  of  this  differ- 
ence be  called  the  differential, 
ami  be  denoted  by  the  expression 
d.Jx;  theu  we  have  tt.fx=Jfxhj 

therefore  y  a:  ■=  — - — « 

Hence  to  find  jpx,  divide  the 
diflferenoie  betwen  two  successive 
values  of  fx  by  the  increment  of 
X  ;  but  since /7a.'  is  independent  of 
h,  h  mnst  disappear  by  this  divi- 
sion, and  may  be  represented  by 
anv  symbol  at  pleasure. 

Therefore,  for  Uie  sake  of  nni« 
formlty,  let  h  be  represented   by 

dx  ;  then  Jfx  =  -~,  Hence,  in  or- 
ax 

der  to  find  d/ar,  or  the  differential 

of  fXf  write  in  the  function  fx,  x 

-f  dx  instead  of  ar,-then  develope 

jXx  +  dx)  as  far  as  the  terms  ef- 

tected  with  the  first  power  of  dx, 

and  subtract/a;  from  lU 

.    Hence 

/  (x  +  dx)—f  x=f  xdx 

f  (X -\- dx)  —  fl  X  =fi  xdx 

fi  {X  -H  dx)  —JT  X  =/'/  xdx 

&c.  «cc 

A  \sofi  xdx = d.fx.P'xdx  =  d.fx^  &c. 

therefore/' :r  =  ll£f=rff££')I. 
•^  dx  \dxJdx 

But  since  dx  is  invariable, 
f  (X  -f-  dx)  dx  — /  xdx  =jy  xdjfi 
lience  d.Jl  xdx  =  f  xdafl 
hai  df  xdx  =  dd/x=  dPfx,  ffi,    re- 
presenting   llie  second  dilterential 
11  f  X  according   to  llie  preceding 
notation. 
Whence  it  appears,  since 

\ttx}dx  •'         dx«  > 

that  d  (^1-1  =2^ 
\dxi  dx       dx* 

and    thus   the    derived    fnuctions 

J'Jt»fx,filx,6cc.  maybe  repre- 

sen  ted  by  the  quantities  '^^-i  ^. 

dx^  rfa^' 

^~r~^>  »c.  so  thatthedevelopement 

of  /•(«  +  dx)   takes  the  following 

form  ;   viz.  f(x-\-  dx)  =/r  +  ^ 

dx 


/*  + 


d^tx 


T 


d^fx 


\.%txi^  I.S.:j.rfj:«' 


&c. 


DIGIT,   ni  AritfiNietic,  signifies 
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any  one  of  the  ten  numerals,  1,^2, 
3,  4,5,  0, 7, 8,  9, 0.  The  word  comes 
from  digitus,  a  fmger;  thus  indi- 
cating ttie  h-umble  means  oiigiiially 
emplo3'ed  in  compiitniiuns. 

Digit  is  also  a  measure  equal  td 
three-fourths  of  an  inch. 

Digit,  in  Astronomy,  isXhe  mea- 
sure' by  which  we  estimate  tiie 
quantity  of  an  eclip^.  Tlie  diame- 
ter of  the  sun  or  moon's  disc  is 
conceived  to  be  divided  into  12 
equal  parts,  called  digits. 

DiMENSION,  in  Geometry,  is 
either  length,  breadth,  or  tUick- 
ness.  Thus  a  line  has  only  one 
dimension,  length  ;  a  surface  t\Vo, 
length  liwA  breadth  ;  and  a  bod^'  or 
solid,  length,  breadth,  and  thick- 
ness. 

DiMENSiOK  of  an  Eauat  ion,  or  wny 
other  quanliiy  in  Algebra,  is  used 
with  regard  to  the  higliest  power 
that  enters  into  its  composition. 

DIOiPHANTlNE  Analysis  or 
Problems,  in  Algebra,  arc  certairt 
questions  relating  to  square,  cube, 
&c.  numbers,  and  rational  right- 
angled  triangles ;  the  properties  of 
which  were  first  discussed  by 
Diophantns. 

For  instance,  to  divide  a  given 
square  nnmber  into  two  other 
square  numbers. 

Let  a' represent  the  given  square, 
and  ar^and  3^  the  required  squares  ; 
then  we  have  only  to  satisfy  th^ 
equation 

Ca^  =  a?»-f  y'J,or 
(  «^  —  y«  =:  i^ 

In  order  to  which,  assume 

a-\ry=  — 


a-y  = 


V 


From  which  we  readily  deduce 

q         p  j,q 

Whetice  X  =  -H£21 

=  (tSl^  y   (  ^ElU]  - 


{p'i-.q^)a 


P'i-^qi 
Where  the  indeterminate^  p  and  q 
may  be  assumed  at  \»l*i»vsvLYtt. 
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Cdt.  If  0  be  th«  sum  of  twp 
squares,  p  ind  g  may  be  so  as* 
•uDieU  that  ji'>+9^  =  <(f  *>!*  ^ny  fac- 
tor of  o  ;  in  which  case  the  above 
expressions  will  be  inlegntl ;  and  as 
many  different  integer  values  may 
be  found  for  x  and  y  as  there  are 
different  wnys  of  resolving  a  into 
the  sum  of  two  squares,  or  any  of 
its  factors. 

Exam.  1.    Resolve  85*  into  two 

other  squares. 

„  2pq  XC5  . 

Hereg=    J  .   ^  >  and  «  =: 

And  since 89c=8*+  l«  =  72+49; 
yve  may  talie 

tpz=:B,  and  ^=1;   which  gives 
)     f  =  16,  and  y  =  63 ; 
y  }i  =  7,   and  9  =  4;   w  hich  gives 
C     X  =  56,  and  y  =r  S3 ; 

Also  since  13=  3^+  S«  is  a  factor 
of  65,  Me  may  take 

p  =  3,  and  0  =  9;  which  gives 
X  =  60,  and  y  =  2;5  ; 

And  ai^iiin,  5  =  |r<  -{- 1*  is  &  factor 
of  65,  iherefove  we  may  take 

j7=2,  and  9=l;\which  gives 
jr  =  52,  and  tt=30; 

So    ibal   «i'  =  16»-f63«=5e9  + 

33«  =  60'  +  25«=  52*  -f  3»'. 

Which  are  the  only  integral  so- 
lutions that  the  equation  admits 
of;  but  frartional  answers  may  be 
obtahird,  ad  libitum. 

DIOPTRICS,  or  Anaclastics, 
the  doctrine  of  refracted  vision, 
which  investigates  and  explains 
the  effects  of  lifsht  refracted  by 
passing  through  different  mediums. 

DIPPING  NeedUt  or  Inclina-- 
TOKY  Needle,  a  mugnetical  needle, 
so  hung  as  tliai,  instead  of  playing 
korizontally,  and  pointing  north 
and  south,  one  end  dips  or  inclines 
to  the  horizon,  and  the  other 
points  to  a  certain  degree  or  ele- 
vation gl'ove  it. 

DIRECTION,  in  Astronomy,  the 
motion  and  other  phenomena  of  a 
plHnet  when  direct. 

Line  of  Dirrction,  in  Gunnery, 
is  the  direct  line  in  which  the  piece 
is  pointed ;  and,  in  Jdechauics,  the 
same  term  implies  the  line  in 
which  a  body  moves,  or  in  which 
g.  force  is  applied.  When  two  con- 
spiring forcjes  act  on  a  body  at  the 
Miije  time,  ilie  angje  included  be. 


tween  th«  lines  of  their  direcUoB 
is  called  the  angle  of  itirection. 

Quantity  of  Dibkct^om,  in  Me- 
chanic*, is  a  term  sometimes  ased 
to  denote  what  is  more  comrntwly 
called  Momentum, 

DIRECTLY,  is  nsed  in  nearly 
the  same  s<ni»e  as  direct ;  thus  vt 
say,  quantities  are  directly  propor- 
tional, which  is  only  another  way 
of  stating  them  to  be  in  direct  pro. 
portion ;  and  in  Meekemice,  om 
body  is  said  to  impinge  directly 
upon  another,  when  the  former 
strikes  the  latter  perpeudicniar  lo 
its  surface. 

DIRECTRIX,  in  tbe  Conic  Sic 
tioHs,  is  a  certain  right  line  per- 
pendicular to  the  axis  of  the  curve, 
and  frequently  referred  to  in  treat- 
ing of  the  propertiea  of  those  fi- 
gures, from  the  description  of  them 
in  piano. 

Directrix,  or  DiRiGKXT,i8also 
that  line  or  plane  along  which  an- 
other line  or  plane  is  snpposed  !• 
move,  in  the  generation  ot  a  SR^ 
face  or  solid. 
DISCHARGE  of  JFluids. 
1.  If  a  fluid  runs  throngh  a  pipe 
or  tube  of  an  uniform  shape,  eqnsi 
quantities  of  it  wHI  pass  throagh 
every  parallel  section  of  the  tabs. 
8.  If  a  fluid  runs  throagh  a  tabe 
or  pipe,  kept  conatantly  fail  by 
means  of  a  proper  auppiy,  bat 
which  is  not  of  uniform  shape; 
then  the  velocity  of  the  fluids,  la 
different  sections,  will  be  invcnely 
as  the  areas  of  Uie  sections. 

3.  If  a  fluid,  flowing  throats 
small  orifice  In  the  hirtMlw  oft 
vessel,  be  kept  constantly  fall  by  ; 
means  of  an  uniform  soppljr  atiofb 
the  velocity  of  the  emoeot  twd 
will  be  equal  to  that  acqaired  by  : 
a  heavy  body  in  lalliof  Hrrdy  . 
through  the  height  of  the  sarfiMS  , 
of  the  fluid  above  the  oriflca. 

4.  If  a  pipe  be  inserted  barfsos- 
tally  in  a  vessel,  the  plate  of  M' 
will  be  discharged  with  the  nvc 
velocity  as  before  (if  Its  ccrilitflf 
pressure  be  of  the  same  deilb)b 
whatever  be  the  thickness  «r  ll» 
plate ;  this  velocity  not  depeadiaf 
upon  a  continual  accelerslioR 
through  the  length  of  the  tabe,  I 
otherwise  the  effluent  flaid  coiM  | 
not  attain  its  full  velocity,  aRtil  a  | 
column  had  been  discharged «b«i 
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base  U  eqoftl  to  the  orifice,  and 
lieight  equal  to  the  length  of  the 
tube;  whereas  we  find  by  expe> 
rience,  that  this  full  velocity  can 
be  attaiaed  by  the  thione«t  plate 
which  caa  be  let  escape  from  the 
aperture. 

6.  The  velocities  and  qnantiiies 
discharged  at  dilTerent  depths,  are 
MS  the  square  roots  of  the  depths. 

f .  The  quantity  ma  out  in  any 
time  is  equal  to  a  cylinder,  or 
prism,  whose  base  is  the  area  ui 
the  orifice,  and  its  altitudes  the 
space  described  in  that  time  by 
the  velocity  acquired  by  falling 
through  the  height  of  the  fluid* 

Bo  that  if  k  denote  the  height  of 
the  fluid,  m  the  area  of  the  aper^ 
ture,  IT = 384  llh  ^^^^t  or  3841  inches, 

and  t  the  time  of  efflux,  we  shall 
have,  for  the  quantity  discharged. 

Or  when  «  and  h  are  expressed 
in  feet,  Q  =  80208  at  ^ h  feet. 

When  a  and  h  are  expressed  in 
inches,  Q  =  27-7387 a  f  /A  inch. 

If  the  orifice  is  a  circle  whose 
diameter  is  d,  then  0  785508 if 
must  be  substituted  for  a  ; 

And  when  if  and  A  are  expressed 
in  feet,  Q  =  6-SOOMil  ^  h  ieeu 

When  d  and  h  are  expressed  in 
inches,  Q  =  21-78592  d  1«VA  inches. 
And  from  either  of  these  it  will 
be  easy  to  find  either  a,  t^  or  A, 
when  the  other  three  quantities 
are  given. 

7.  The  force  with  which  the  ef- 
fluent water  impinges  against  any 
qniescent  body,  is  proportional  to 
the  altitade  of  the  fluid  above  the 
orifice.  For  the  force  is  as  the 
velocity  multiplied  by  the  quan- 
tity of  matter ;  but  the  quantity 
discharged,  in  a  given  time,  is  as 
the  velocity ;  therefore  the  force' is 
ms  the  square  of  the  velocity ;  that 
is,  as  the  height  of  the  fluid. 

8.  The  water  spouts  out  with  tlie 
same  velocity  whether  it  be  down- 
wards or  upwards,  or  sideways  ; 
because  the  pressure  of  fluids  is 
the  same,  in  all  directions,  at  the 
same  depth. 

0.  When  a  vessel  is  left  to  dis- 
ehargeiUelf gradually,  through  an 
orifice  in  ii»  bottom,  if  the  area  of 
the  section  parallel  tv  the  bottom 
be  every  where  the  ijame.  the  ve- 
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Ilocity  of  the  surface  of  the  flald, 
and  consequently  the  velocity  of 
the  efflux,  will  be  uniformly  re* 
tarded. 

'  The  quantities  of  water  bi  a  pris- 
matic vessel,  discharged  through 
an  aperture  In  the  bottom,  decreate 
in  equal  times;  as  the  series  of  odd 
numbers,  1,  3,  A,  7,  0,  &c.  taken  in 
an  inverted  order. 

The  quantity  of  water  contained 
in  an  upright  prismatic  vessel,  is 
half  that  which  would  be  dis- 
charged in  the  time  of  the  entire 
cradual  evacuation  of  the  vessel, 
if  the  water  be  kept  always  at  the 
same  altiiude. 

10.  If  upon  the  altitude  of  the 
fluid  in  a  vessel,  as  a  diameter,  we 
describe  a  semicircle,  the  liorixorto 
tal  space  described  by  the  fluid 
spouting  from  a  vertical  orifice,  at 
any  point  in  the  diameter,  will  be 
as  the  ordinate  of  the  circle  drawn 
from  that  point;  the  horizontal 
space  bcfing  measured  on  the  plana 
of  tiie  bottom  of  the  vessel. 

When  the  aperture  is  vertical, 
and  indefinitely  small  (as  supposed 
here),  the  fluid  will  spoilt  out  horl> 
zonially  with  the  velocity  due  to 
the  altitude  of  the  fluid  above  the 
orifice  (by  prop.  3; ;  and  this  velo- 
city, coiubined  with  the  perpendi- 
cular  velocity  arising   irom    the 
action  6f  gravity,  will  cause  every 
particle,     and    consequently    the 
whole  jet,  to  describe  the  curve  of 
a  parabola.  Now  the  velocitv  with 
which  the  fluid  is  expelled  from 
any  hole,  is  such,  as  if  uAiformly 
preserved  would  carry  a  particle 
through  a   space  equal    to  twice 
the  height  of  the  fluid  above  the 
hole,  ill  the  time  of  the  fall  through 
the  height  above  that  plane ;  but 
after  quitting   the   orifice,   it  de- 
scribes tlie  parabolic   curve,  and^ 
arrives  at  the  liorizontal  plane  in 
the  same  time  as  a  body  would 
fall    freely    through    the    height 
above    that    plane ;     so   that    to 
find  the  distance  from  the  perpen* 
dicular  at  which  it  will  meet  tha 
horizontal  plane,  since  the  times 
are  as  the  roots  of  the  sjMtces,  w« 
have. 
As  the  square  root  of  height  of 

fluid. 
To  square  root  of  height  abova 
the  horisoti  \ 
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t»t>poitloii :  but  8 : 0 :  = :  12 :  S4  is 
•  continued  proportion* 

DIStANCB,  in  Astrmumg,  as  of 
the  kon,  planets,  &c.  is  either  real 
or  iMToportionaJ ;  it  is  also  farther 
distinguished  into  mean,  perihe- 
lion, and  aplielion  distances. 

AfhelUtn  Distamci  of  the  Pla- 
netSf  is  when  they  are  at  their 
greatest  distance  from  tlie  sun. 
-  Periheiion  D  ista  m  c  k  of  the  Pla- 
nets,  is  when  they  are  at  their 
least  distance  from  the  sun. 

Mfean  Distanck  of  the  Planets, 
is  a  mean  between  tlieir  aphelion 
and  perihelion  distances. 

Proportional  Distances  of  the 
PUnuts,  are  the  distances  of  the 
several  planets  from  the  sun,  com- 
pared with  the  distance  of  any 
one  of  them  considered  as  unity. 

Jteal  DiSTAMCXs,  are  the  abso- 
lute distances  of  those  bodies,  as 
compared  with  any  terrestrial 
measure,  as  miles,  leagues,  Ac. 
■  The  proportional  distances  of  the 
planets  from  the  sun,  any  one  ot 
them  (as  for  example  that  of  the 
earth)  being  considered  as  unity, 
are  readily  determined  from  Kep- 
ler's third  law  ;  viz.  that  the 
squares  of  the  periodic  times  of 
revolving  bodies  about  the  same 
central  body,  are  as  the  cubes  of 
their  respective  distances:  and 
hence  also  the  real  distance  of  any 
one  of  the  planets  being  known, 
the  absolute  distance  of  all  the 
others  may  be  determined.  Now 
the  real  distance  uf  the  earth  from 
the  sun  has  been  determined,  by 
means  of  the  transit  of  Venus,  to  be 
ahout  03,000,M0  miles.  And  hence 
ifire  have  the  following  tablet  of  the 
^al  and  proportional  distances  ol 
the  several  planets. 

Proportional  Real 
mean  Dlst.    mean  Dist» 
Mercury       '3870981  •  .    36  million 
Venus*  •      •72333'2.1'«  •   (»    [miles 
Earth  •  •  l-ooeoooo  •  •  03 
Mars    •  •    l'S'230935 .  •  142 
Testa  •  •    2  2:<73000*  •221 
Juno    •   •   2*0671630  •   •  248 
Ceres  •   •    2-7674060  •  •  257 
Fat  las*   •    t'7erS020*  .257 
Jupiter    •  ff-2027911*  -485 
Saturn    •   f»'5387705  •  'SM 
Uranus   •  1018330S0  •    1800 

For  the  distance  of  the  Moon, 
and  the  other  secondaries   from 
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their  several  primaries,  see  Sateh^ 
lltes. 

DisVANCB  of  the  Jlxti  Stars 
from  the  Earth  or  Sun,  has  never 
vet  been  determined ;  we  only 
know  it  is  so  great,  tliatthe  whole 
diameter  of  the  earth's  orbit, 
which  is  near  two  hundred  mil- 
lion miles,  is  but  as  a  point  com- 
pared with  their  distance,  and 
therefore  forms  no  sensible  mea- 
sure whereby  it  may  be  estimated. 

Accessible  Distances,  are  such  as 
may  be  measured  by  the  applica- 
tion of  any  lineal  measure. 

Inaccessible  Distakcxs,  are 
those  which  cannot  be  measured 
by  the  application  of  any  lineal 
measure,  but  by  means  ot  angles 
and  trigonometrical  rules  and  for- 
mulae. 

The  distance  of  objects  may  aho 
be  ascertained  by  means  of  &onnd  ; 
for  as  this  has  been  found  by  ex- 
periment to  travel  at  the  laie  of 
about  1142  feet  per  second,  if  the 
time  which  elapses  between  the 
tiring  of  a  gun  and  the  report  of 
the  same  be  duly  observed,  the 
distance  in  feet  will  be  found  by 
multiplying  the  number  of  seconds 
by  1142;  and  in  this  way  we  may 
estimate  the  distance  of  a  thnnder 
cloud,  by  the  number  of  seconds 
being  observed  that  elapses  be- 
tween the  flash  of  lightning,  and 
the  clap  of  thunder  by  which  it  is 
succeeded. 

Apparent  Distanci,  in  Optics, 
is  that  distance  at  which  we  jud^tc 
an  object  to  be  placed,  when  seen 
afar  off,  and  which  is  usually 
very  different  from  the  true  dis- 
tance ;  because  we  are  apt  to  think 
that  all  very  remote  objects  wliose 
parts  cannot  well  be  distinguished, 
and  which  have  no  other  object 
in  view  near  them,  are  at  the  same 
distance  from  us,  though  perhaps 
one  of  them  is  thousands  of  miles 
nearer  than  the  other  ;  as  is  the 
case  with  the  sun,  moon,  and 
planets. 

The  most  universal,  and  fre- 
quently the  most  sure  means  of 
fudging  of  the  distance  of  objects 
IS,  the  angle  made  by  the  optic 
axis.  To  convince  ourselves  of 
the  usefulness  of  this  method  of 

(judging,  suspend  a  ring  in  a  thread, 
so  that  ito  side  may  be  iovrard«^%, 
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and  the  hole  in  it  to  the  right  and 
leu  hand  ;  and  taking  a  small  ro4l, 
crooked  at  the  end,  retire  from 
the  ling  two  or  ihiee  paces;  and 
having  with  one  hand  covered 
one  of  our  eyes,  to  endeavour 
V  ith  ihe  Oilier  to  pass  the  crooked 
e.id  of  the  tod  through  the  rins. 
Tkii^  appears  very  easy ;  and  yet 
npoii  tiial,  perhaps  once  in  100 
times  we  shall  not  succeed,  espe- 
ciully  if  we  move  the  rod  a  little 
quickly. 

OisTAMCB,  in  Navigation,  is  the 
number  of  miles  or  leagues  that  a 
ship  has  sailed  from  one  point  to 
another. 

DIVING  Bell,  an  apparatus  used 
for  the  purpose  of  diving.  It  is 
most  commonly  made  in  the  form 
oi  a  truncated  cone,  tlie  smallest 
end  being  closed  and  the  larger 
one  open.  It  >  is  weighted  with 
lead,  and  m>  suspended  that  it 
may  be  sunk  full  of  air,  with  its 
open  base  downwaids,  and  as  near 
as  may  be  parallel  to  the  horison, 
so  as  to  cloae  with  tlie  sunace  at 
the  water. 

DlViSiBILITr,  that  quality  of 
a  body  by  which  it  admits  of  se- 
paration into  parts.  The  divisibi- 
iity  of  quantity  is  a  subject  which 
has  given  rise  to  vaiious  argu- 
ments amongst  philosophers,  souie 
contending  that  this  separation 
may  be  carried  on  ad  infiiiiHun, 
while  others  maintain  that  it  can- 
not  be  extended  beyond  certain 
limits.  To  the  metaphysical  divi- 
sibility there  unquestionably  is  no 
end,  but  in  the  real  division  there 
is  always  a  limit,  though  sometimes 
the  number  of  parts  is  astonishing. 

Again,  a  whole  ounce  of  silver 
may  be  gilt  with  eight  grains  of 
gold,  which  may  be  afterwards 
drawn  into  a  wire  iSOOO  feet  long. 

In  odoriferous  bodies  we  can 
still  perceive  a  greater  subtiity  of 
parts,  and  even  such  as  are  actu- 
ally separated  from  one  another  ; 
buverai  bodies  scarce  lose  any  sen- 
sible paitof  their  weight  in  a  long 
time,  and  yet  continually  (ill  a 
very  large  space  with  odoriferous 
jMirticies. 

The  particles  of  ligiit,  if  light 
consists  of  particles,  I'urnish  ano- 
ther surprising  instance  of  the  uii* 
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nnteneM  of  funie  parte  of  vuXVn, 
A  lighted  candle  piarrd  on  apUM 
will  be  visible  two  miles,  and  cos- 
sequenily  till  a  npliere.  wIum 
diameter  is  lour  miles,  with  lami- 
nous  paitirlee,  before  it  tias  kai 
any  sensible  part  of  its  wvighL 
And  as  the  force  of  any  body  b 
directly  in  proportion  to  iu  qsia- 
tity  of  matter  multiplied  by  ill  ▼«■ 
locity,  and  since  the  velocity  o( 
the  particles  of  iif^ht  is  desww 
seated  to  be  at  least  a  million  d 
limes  greater  than  the  velocity  af 
a  canaon-ball,  it  is  plain  thai  if  t 
million  of  these  particles  wen 
round,  and  as  big  as  a  small  gnia 
of  sand,  we  darst  no  more  opn 
our  eyes  to  the  light,  than  to  rip 
pose  to  sand  shot  point  blaak  Ixam 
a  cannon. 

By  help  of  mlcm«con«t,  iac4i 
objects  as  would  otherwixe  eseafc 
our  sight  appear  very  large :  there 
are  some  small  animals  scarcely 
visible  with  the  best  inicroacopci; 
and  yet  these  have  all  the  {isra 
necessary  for  life«  as  blood  sad 
other  liquors. 

DIVISION,  is  one  of  the  prinel- 
pal  rales  in  Aritkmetie  and  Alph 
bra ;  it  consists  in  finding  howoAea 
a  less  number  or  quantity  is  cob* 
tained  in  a  greater.  1'he  number 
to  be  divided  is  called  the  tfii> 
dend,  the  nnmber  by  which  the 
division  is  made  is  the  tll»imr:  ibe 
number  of  times  that  this  it  cos* 
lamed  in  the  former,  in  called  tbc 
quotient,  and  if  any  thing  reraaias 
after  the  operation  is  ttuished,  it 
IS  called  the  remainder*  Divisloa 
is  either  sini|[»le  or  compnand. 

Simple  DiTisioN,  is  when  both 
the  divisor  and  dividend  an  ini^ 
gral  numbers. 

Rule,  Find  how  many  tiroes  tht 
divisor  is  contained  in  as  manvof 
the  lefuhand  figures  of  the  aivi- 
dend   as  are  just  necessary,  9fA 

Slace  that  number  oii  the  rlgbb 
[ultiply  the  divisor  by  this  ni** 
ber,  and  place  the  product  aaicr 
the  tigure  of  the  divideiid  abov* 
mentioned.  Subtract  this  |irodMl 
from  that  part  of  the  dividral 
under  which  it  stands,  and  bffiM 
down  the  next  figure  of  thf  divfr 
dend,  or  more  if  necessary.  Id  Ihs 
right  of  the   remainder.    Dlvlrii 
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this  npmbet,  to  increased,  as  he. 
fore,  and  lo  on  till  the  whole  Is 
finished. 

JVe/«  1.  When  it  is  necessary  to 
brlns  down  more  than  one  figure 
to  the  remainder,  a  cipher  mast 
be  placed  in  theqpotient  for  every 
lulditional  figure  tfans  broaght 
do^n.' 

Note  2,  If  the  divisor  do  not 
toceed  19,  the  qnotient  may  be 
written  down  as  it  arises,  inime> 
diately  under  the  dividend. 

Pro^  of  Division.  Multiply  the 
flivisor  and  quotient  together,  and 
add  to  this  product  thfe  remainder, 
which  ought  to  be  equal  to  the 
dividend  if  the  work  be  right. 

Sometimes,  for  the  sake  of  abridg. 
fng  the  operation,  the  successive 
products  are  omitted,  and  the  sub. 
traction  is  made  figure  for  figure 
as  the  work  is  carried  on. 

Compound  Division,  is  when  the 
dividend  is  a  compound  quantity. 

Jlule»  Divide  the  highest  deno- 
mination of  the  dividend  by  the 
divisor,  as  in  the  former  rule.  Re< 
dnce  the  remainder,  if  an^%  to  the 
next  inferior  denomination,  and 
divide  as  before;  reduce  this  re* 
mainder  again,  and  divide  as  be- 
fore, and  so  on  till  the  whole  is 
finished. 

Note  1.  If  the  divisor  exceed  1% 
and  l>e  a  composite  number,  divide 
by  its  factors  successively,  instead 
vf  tlie  whole  nnml>er  at  once. 

Note  8.  Both  divisor  and  divi- 
dend may  be  compound  quantities ; 
but  then  they  must  be  of  the  same 
liind,  and  the  quotient  either  an 
abstract  number  or  a  quantity  dif> 
ferent  from  the  others:  thus,  it 
|nay  be  a^ked,  how  many  parcels, 
each  containing!  quarter71bs.may 
be  made  out  of  5  tons;  or  what 
qoantily  of  goods,  at  5s.  9^4.  per 

ronnd,  may  be  purchased  for  100/. 
II  such  cases,  the  divisor  and  divi- 
dend must  be  reduced  to  the  same 
denomination;  and  if  the  quotient 
be  such  as  to  admit  of  lower  deno* 
minatinnK,  then  the  remiiinder  roust 
be  multiplied  by  the  number  of 
these,  in  the  denontinatiun  of  which 
thp  price  or  value  is  given.  As 
this  case  of  division  is  not  found 
in  any  of  the  common  l>ooks  on 
Arithmetic,  two  examples  are  sub- 
joined 

i4r 


Ex.  I.  How  much  su^tsr  atC».  Ti, 
Od.  per  c«vt.  may  be  bouglit  for 
30/.  6s.  Od.  f 

2    7    6)30    8    9(12  cwt. 
38  10    0 


1  18 
multiply  by 

0 

4 

2    7    6)  7  15 

7    2 

0(3  qiiarleri 
6 

0  12 
ihulUply  by 

6 
28 

9    7    0)17  10 
16  12 

0(7  pounds 
6 

0  17 
mnltiply  by 

6 
16 

9    7    6)14    0 
11  16 

0(5  ounces 
6 

9    3 
multiply  by 

6 
16 

9    7    6)34  16 
83    5 

0(14  drams 
0 

1  11 

remidnder=  ■ 

0        62 

6  ~  95 

So  that  the  quantity  is 

12cwt.  Sqrs.  7  lbs.  5  oz.  14M  drams. 

Ex.  9.  How  much  land,  at  2i. 
I8s.  Od.  per  acre,  may  be  rented  for 
3751.  f 

In  this  example  we  shall  show 
how  the  operation  may  be  simpli- 
fied, by  multiplying  l>oth  divisor 
and  dividend,  by  a  number  wliich 
will  remove  the  shillings  and  pence 
from  the  divisor. 

3  18    9)  375 
multiply  by       4)     4 


II  15 

multiply'  by 


0)1509 

4)       4 


47)6000(127  acres 
564 

360 
329 

31 

4 

47)  124(9  roods 
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47)  134(2  roods 
94 

40 

47)  1200(25  poles 
1173) 

29 

30| 


47)7M^iO  yardt  ' 
73i 

0 

47)401(0  feet 
14  i 

47)5833(124  inches 

102 
186 


The  qaanUty  is  127  acre»  and  } 
neaiiy. 

DiTisiON  of  Fractions,  is  per- 
fonned  by  the  following  rule. 
Rednce  mixed  nambers  to  impro- 
per fractions,  then  invert  the  terms 
of  the  divixor,  and  maltiply  the 
numerators  and  the  denominators 
together  as  in  multiplication  ;  ob- 
serving that  such  factors,  as  are 
commtm  in  the  numerators  and 
denominators,  may  be  cancelled. 

Division  of  JJecimals,  is  per- 
formed the  same  as  in  the  simple 
rale  of  division,  observing  only 
to  point  off  in  the  quotient  as  many 
decimal  places  as  those  in  the  di- 
vidend exceed  those  in  the  divi- 
sor;  and,  if  there  be  not  so  many, 
the  defect  most  be  supplied  by  pre- 
fixing ciphers. 

Another  way  to  know  the  place 
for  the  deciinal  point  is  this  ;  the 
first  figure  of  the  quotient  must  be 
made  to  occupy  the  same  place 
either  in  integers  or  decimals,  as 
does  that  figure  of  the  dividend 
that  stands  over  the  unit's  place  of 
the  first  product.^ 

Division  of  Circulating  Deci- 
mals,  is  performed  either  by  per* 
tormmg  the  multiplications  and 
iubtractuniB  as  directed  for  those 


numbers,  or  by  «oavertlii2  th^ 
repetends  into  their  eqaWalciit 
fracticms,  and  then  proceedui(  w 
in  division  of  fractions. 

Division,  in  Algdfra,  it  theii» 
thod  of  finding  the  qnoUent  aririug 
from  the  division  of  one  indeter* 
minate  quantity  by  another,  which 
may  be  considered  nnder  tvo 
cases 

Case  1,- When  the  divisor  and 
diviaend  are  both  simple  qoaatl- 
tics. 

Huh*  Divide  the  co-efficients,  si 
in  arithmetic,  and  to  the  qooUeaC 
annex  the  resalt  arising  from  the 
division  of  the  indeterminste 
qnantities. 

Note  When  the  divisor  and 
dividend  have  like  signs,  the 
sign  of  the  qootient  is  plus  +1 
and  when  they  are  nnlike,  the 
sign  of  the  quotient  is  minus  "^ 
as  in  multiplication. 

Case  2.  When  tlie  dividend  is  i 
compound  quantity,  and  the  diti> 
sor  either  simple  or  componnd. 

Rule,  Set  Ute  divisor  on  tlie  left 
of  the  dividend,  and  proceed  in 
the  operation  the  same  as  in  divi- 
sion of  nnmbers,  observing  still 
the  same  rule  as  above  with  regard 
to  the  signs. 

Note.—When  there  is  a  remsfaih 
der  after  the  division,  it  mast  be 
written  over  the  divisor,  and  an* 
nexed  as  a  fraction  to  the  qootient. 

Division  of  Algebraie Frmeiimu, 
is  performed  the  same  as  In  the 
case  of  simple  fractions :  visi  ■•• 
duchig  all  mixed  expressions  to. 
improper  fractions,  then  invert  the 
terms  of  the  divisor,  and  maltiply 
the  numerators  and  denomiaalors 
as  in  the  rule  above  quoted,  o^ 
serving  to  cancel  all  factors  that 
are  common  to  the  nnmeratonsnd 
denominators. 

Division  of  Surds,  is  the  mtr 
thod  of  ascertaining  the  qootieiit 
arising  from  the  division  01  0Ml^ 
rational  quantity  by  another. 

Rule,— Reduce  the  given  fordl 
to  their  simplest  form,  and  the  n» 
dical  parts  thus  arising  to  like  nr 
dicals;  then  divide  the  co-cAcisst 
of  the  dividend  by  the  co-efickeot 
of  the  divisor  for  the  new  co^ft* 
cient,  and  one  surd  part  by  the 
other  for  the  required  surd.  wUeh 
being  annexed  with  its  proper  xtr 
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dical  sign  to  Um  co-cfflcient  before 
found ,  will  be  the  answer  required. 
Atfle.— If  the  radical  signs  be 
itpt  the  Mnie,  but  the  quantities 
under  them  be  equal,  the  division 
ivill  be  effected  by  subtracting  the 
index  representing  the  radical  of 
the  divisor  from  the  index  of  that 
representing  the  radical  of  the 
dividend. 

'  Note* — When  the  proposed  divi- 
sor is  a  binomial  surd,  consisting 
of  tlie  sum  or  difference  of  two 
square  roots,  it  may  be  rendered 
rational  by  multiplying  both  nume- 
rator and  denominator,  or,  which 
is  the  same,  both  diviM>r  and  divi- 
dend, by  the  same  two  quaptiiies, 
b.nt  connected  with  a  contrary 
•ign  to  that  by  which  they  are 
connected  in  the  denominator; 
that  is  by  -)-  when  that  is  — ;  and 
by  —  when  that  is  +*  because 
the  product  of  the  sum  of  two 
qnantities  multiplied  by  their  dif* 
Jerence,  is  equal  to  the  difference 
of  their  squares. 

Division  of  KatUu,  or  Divided 
J¥afi0,is  when  of  four  proportional 
quantities,  the  diflerences  of  the 
antecedents  and  consequents  are 
compared  either  witli  the  antece- 
dents or  conseqnenu ;  thus  if 
m  I  b  :=  c  I  d 

DITISOK,  is  that  number  or 
quantity,,  which  exactly  divides 
another  number  or  quantity,  with- 
out leaving  a  remainder. 

.  Cowmon  Divisor,  in  ArUhmetic, 
i%  thai  number  which  will  exactly 
divide  two  or  more  given  num- 
bers; and  the  greatest  of  all  such 
divjsors  is  called  the  greatest  com- 
mon divisor,  or  the  greatest  cani- 
men  measure, 

W  the  lastvs  digits  of  any  num. 
ber  be  divisible  by  S»,  the  whole 
number  is  divisible  by  an.  If  the 
•uni  of  the  digiu  of  any  number 
be  divisible  by  3  or  by  9,  the  whole 
number  is  divisible  by  3  orO;  and 
if  also  the  last  digit  be  even«  the 
"whole  number  is  divisible  by  18. 
If  a  number  terminate  with  5,  it  is 
divisible  by  5 ;  and  if  it  terminate 
in  0,  it  is  cfivisible  by  either  10  or 
A.  If  the  sums  of  the  alternate 
digiu  be  equal,  or  if  one  sum  ex- 
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ceed  tlie  other  by  II,  or  by  any 
multiple  of  11,  the  whole  number 
IS  divisible  by  11. 

When  the  {sreatest  comnioi> 
divisor  of  two  numbers  is  required 
we  must  divide  the  greater  tiuiii- 
ber  by  the  less,  then  divide  the 
divisor  by  the  remainder ;  and 
thus  continue  always  dividing  the 
last'divisor  by  the  last  reniaiutier 
till  nothing  remains,  and  the  last 
divisor  will  be  that  required. 

If  the  greatest  common  divisor 
of  three  or  more  numbers  be  re- 
quired; and  the  common  divisor 
of  two  of  them  first,  then  of  this 
common  divisor  and  another  ot  the 

f;iven  numbers,  and  so  on  to  the 
ast ;  so  shall  the  last  divisor  be  the 
greatest  common  divisor  required. 

To  find  the  greatest  coiuiiion  di- 
visor of  two  given  algebraical  ex- 
pressions. 

Arrange  the  terms  according  to 
the  dimensions  of  one  of  the  let- 
ters, and  then  divide  one  of  the 
proposed  quantity  by  the  other; 
then  the  last  divisor  by  the  last 
remainder,  and  so  on,  the  same  as 
in  finding  the  greatest  common 
divisors  of  two  numbers,  and  the 
last  divisor  will  be  that  required. 

Note.— Al\  the  letters  or  figures, 
which  are  couiroon  to  eadi  term 
of  the  divisor,  may  be  thrown  out 
of  them  before  they  are  used  in 
the  operation. 

DiYisoBs,  TTieorp  of,  relates  to 
the  investigation  of  certain  proper- 
ties of  divisors,  with  regarci  to 
their  forms,  powers,  sums,  &c. ; 
which  forms  one  of  the  most  im- 
portant and  interesting  researches 
in  the  theory  of  numbers. 

Let  N  represent  any  number, 
and  a,  6,  c,  &c.  its  prime  factors ; 
then  may  N  be  expressed  hy  N  = 
efi^bncPt  &c. ;  thus,  17:26^  =3*^  8^; 
8640  =  20.3^5,  &c. 

Mow  any  number  N,  being  re- 
duced to  the  above  form,  or  N  ^^ 
a''^b"  ePffk-Ct  then  will  the  num- 
ber of  ail  the  divisors  of  N  be  ex- 
pressed by  the  formula. 

(m-|-l)(«-f-l)(y-|-l),  &c. 

To    find    a    number    that  shall 

have  any  given  number  of  divisors. 

Let  w  represent   the   required 

number  of  divisors;  resolve  w  into 

anv  factors,  as  w=ixy,yX%,  &c. 
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■iiKCy,  Uie  diffcrenl  fhB-' 

jL^—  — j  jf  bjucli 

II,  lb  en  «• 


,^trr;»difb3 


p.fcc.ub. 
of  »U  Iht_-.. 


niinibcn  IhBl  BTS  AlM  Ihe  in 
"s!  Svery'dWlior  nf  tbi'  formiiU 


«.  Eien  diTluT  at  tfae  fcmniila 


DivmoH,  JITRAwI  of,  ■  metbi 
diicdvenng  the  runU  of  an  c<|<i 

equllhili  hiring  inleenll  rcrcSt 


noniBt  the  ^tDn  uf  tl 


«'h'"h  viU  divide  it  into  ill  eqnat 

renoe  inlo  IS  parU  for  Ihi 

^d'thraic*.  ' ir  the  lidc  oT 
rcnBDnbe],tlsiir«tl>»iml 


=  lBv'(l+iv'S)J'  = 

HOisiJSS!ai« 

s^Lty=v(*-^^*)''= 

7-MJI1SII8J'. 

DOMB,faiJrrM(^ 

!»«,)>  ai-Mir. 

OTWAttCTningCmn 

a  olnnlwr.el- 

llpUe,ar|wl,gonia 

bue,  or  plan  1 

wilb  ■  cooveiity  o 

nlwards,  or  k 

ner,  IhKt  all   the 

pr'iontsl    HC- 

»  will  be  ilni- 

liS-'fig"™™^" 

leniululi. 

Dome.  .r.  d.«l 

(learM  of  the  balil 

on  which  Ibey 

.,e    .r«U!di  nod 

are  Lfacnforo 

'™iar,or.U(^ 

Hvetol  kmdi,  u 

pl»T,C«i.  ^A*- 

h%h«r  ihu  ihsndliu  of  iha  bue 


tutbmiti  domei 
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fSoMINICAL  Lttttr.ia  C»ro«. 
IW.  pro|K[|y  ulJed  Snndmv  l«i 
t«,  one  or  ihc  le.in  Iciun  of  th< 
(Ipbatwi  A  B  CD  KP  O,  Hied  In  ki 
nolo  Ihe  Sondnjri  ibJoBthont  tbi 


Ictlen  af  tilt  KlphubcL 
modly  placed  td  ahair 
d«y.  of  th*  w«k  tSe  do 
uonihi  fill  Ihroaghonl 


esj  eapcolaJJv  Aofd,  i»  very  iuf' 
■v/rs  furniih  aa  tTt"  abundul 

iiceivsbly  iE?n,  yel  wiihuut  ihli 


t.i  ir-n<inll  ihi  rays  ufllehl, 
-^ude.  "or.  Hafley  Uok  the  foj'l 


Dieal  letter;  Ihs  oihrr  six  beinah*'"''^"'*'  *'^  "  ohiih 
iiiHiisd  in  dilTenni  chmcten,  u  ■°''*  '>  inlBeient  la  tlJd,  that  li, 
diDote  ibc  otbir  ux  diy*  of  Uie  '^'"'•'  P'  *"■(  ■  lilver  cylipder  i 

The*  domioleil  tetter  may  he  <^y"nder  nay  be  dnwn'ou't  Inu 
WDnd  DBiTCnally,  for  any  vmi  of  "'"  *°  "1'  ^"'i  'I"'  '*''>  /■" 
«Bj  ceDtoiT,  ikna :  iball  wcigb  only  tine  anin  j  ■ 

piride  ttaa  cenlaria  b;  4.  md  co"»queally,ninet}r.ei(liI  yardi 

w  Ihw'a  "ngle*7"ln ' 

^ ,    ,.„,    „„,, ™>.....e»lldlliiM-— ■■ ' 

■nd  Ibeir  4ih.    Divide  theii 
by  7,  and  the  remainder  I 

I>0[^LB  Oancl,  a  coiWa  of 

"-"-■   value  «1  1,.  M,  lining. 

tPaba,    (See  PvHCTBi 

Diwler.) 

*e.  hL  Pl,?"[,  "'  ">""'  ""W 
in  apotbecucics  weight,  and  (h! 
DRACO,  Il.e  yjrajm.^' 


lorihem 


viilbie  to  the  naked 
(ent  Ihal  Ihehundte 

bll''Hen''witl^ntlfi?uku[i 


rLr: 
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tliis  brittle  matter.  We  have  tome 
of  i^em  ased  in  plumes  for  chil> 
dren's  heads,  and  divers  other 
works,  mach  finer  than  any  hair, 
and  which  bend  and  wave  like 
hair  with  every  wind. 

DUODECIMALS,  or  Cross  Mul- 
tiplicationt  is  a  rule  used  by  work- 
mt>ti-  and  artificers  in  computing; 
the  contents  of  their  work  ;  dimen- 
sions are  usually  taken  in  feet, 
inciif  H,  and  |>arts ;  bui  of  the  last, 
all  those  less  tlian  \  oi  inches  are 
frequently  omitted  as  of  little  or 
no  consequence,  and  the  same  is 
always  done  in  casting  up  the  con- 
tents, where  they  are  of  still  less 
importance. 

Kttle,  Multiply  each  term  in  the 
multiplicand,  beginning  at  the 
lowest,  bv  the  feet  in  the  multi- 
plier, and  set  the  result  of  each 
directly  under  its  corresponding 
term,  observing  to  carry  1,  fur 
every  12,  from  the  parts  to  the 
inches,  and  from  the  inches  to  the 
feet. 

In  like  manner  multiply  all  the 
multiplicand,  by  the  inches  and 
parts  of  the  multiplier,  and  set  the 
result  of  each  one  place  removed 
to  the  right-hand  of  those  in  the 
multiplicand,  and  the  sum  of  these 
successive  products  will  be  the 
answer. 

Or,  instead  of  multiplying  by 
the  inches  and  parts,  such  parts  of 
the  multiplicand  may  be  taken  as 
these  are  of  a  foot. 

The  feet  'in  the  answer  are 
Fquare  feet,  but  the  numbers  stand- 
ing ill  the  place  of  inches  are  not 
square  inches,  as  one  mipht  at  first 
infer,  but  I2ih  parts  of  square  foet, 
each  part  being  equal  to  12  square 
inches.  In  like  manner  the  num- 
bers standin^r  in  tiie  third  place, 
or  place  of  parts,  are  so  many  12ih 
parts  of  the  jpreceding  dentmiiim- 
tion,  these  therefore  are  square 
inches ;  and  in  the  same  manner, 
if  the  operation  be  carried  farther, 
every  successive  place  will  be.  a 
12th  part  of  thai  preceding  it. 

DUODECIMO  is  used  to  denote 
the  size  of  a  book  when  the  sheets 
are  folded  into  twelve  leaves. 

DUODECUPLK,  consisting  of 
I  w  el  vex. 

DUODENARY  Arithmetic^  is 
that  in  which  line  local  value  of 
1A2 


the  ilgares  increases.  In  a  twelve* 
fold  proportion  from  right  to  Irft, 
instead  of  the  tenfold  pm|)ortion, 
in  the  common  or  denary  anlh- 
metic. 

In  the  duodenary  scale  of  noia^ 
tion,  there  must  be  introduced  tvo 
new  characters  for  expressing  10 
and  II,  andT  the^e  may  be  repre- 
sented by  ♦,  and  «,  that  is  10= 

^;  11=»;  so  thatthedigitnof  thii 
system  beconief, 

0,1,2,8,4,6,6,7,  8,  9,^,., 
with  which  characters  any  noBh 
ber  whatever  may  be  expressed 
according  to  the  dacnlenary  sys- 
tem, the  same  as  in  conimiMi  ariib- 
metic,  by  the  nine  simple  digits. 

To  perform  Duodecimal  opers- 
tions  by  means  of  the  Doodenary 
scale. 

Rule,  Transform  the  feet,  if 
above  12,  into  the  duodenary  scale, 
and  set  the  inches  and  partsasde> 
cimals ;  then  maltipiy  as  in  com- 
mon  arithmetic,  except  canyiaf 
for  every  12  instead  of- for  evefv 
10,  a!(  in  common  operations:  tni 
finally  transform  the  integ ral  part 
of  the  product  into  the  denaiy 
scale 

DUPLICATE  Ratio,  Is  the  saure 
of  a  ratio,  or  the  ratio  or  the 
sanares  of  two  quantities;  thus  ^ 
:  0^  is  in  the  duplicate    ratio  of 

DUPLICATION,  the  doabKngof 
a  quantity,  or  multiplying  by  2. 

DupLiCAiiON  of  a  ClKoe,  is  the 
finding  uf  the  side  of  a  cube  which 
Hliall  be  double  in  solidity  to  a 
givtMi  cube.  This  cannot  be  effect 
ed  geometrically;  as  it  requires  the 
solution  of  a  cubic  cqaation,or  re> 
quires  the  finding  of  two  ueaR 
proportionals,  via.  between  the 
side  of  the  given  cube  and  the 
double  of  the  sanie,  the  Artt  ^ 
which  two  mean  proportionab  is 
the  side  of  the  double  cube. 

DYNAMICS,  is  the  science  of 
moving  powers,  or  of  the  aciioa  gf 
forces  on  solid  l)odies,  whea  tlie 
result  of  that  action  is  motkiii.  Me* 
chanics,  in  its  most  extcnsira 
meaning,  is  the  science  whieh 
treats  of  quantity,  of  exteniloa, 
and  of  motion.  Mow  that  braach 
of  it  which  considers  the  state  of 
solids  at  rest,  such  as  their  eqail^ 
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gulariiies  in  tlie  direction  Of  gra- 
vity, particularly  those  occasioned 
liy  ilie  atiraction  of  mountains. 
**  riiere  are/*  «ays  he,  **  no  doubt, 
»iiuati<>ns  in  whicli  the  measure- 
luent  of  a' smalt  arch  might,  from 
this  cause,  give  the  radius  of  cur- 
vature of  the  meridian  infinite^  or 
even  negative.*'  Another  kind  of 
local  irregularity  is  that  arising 
Irom  the  unequal  density  of  the 
materials  under  the  surface  of  the 
earth,  and  not  far  from  it :  errors 
thus  produced  might  amount  to  10" 
or  12".  And  this  cause  of  error  is 
the  more  formidable,  not  only  be- 
cause it  ^ay  go  to  a  great  extent, 
but  because  there  is  not  any  visi- 
ble mark  by  which  its  existence 
can  be  distinguished.  He  also 
justly  observes,  that  in  order  to 
avoid  any  material  error  in  deter> 
mining  the  figure  of  the  earth,  the 
arches  measured  should  be  large, 
consisting  each  of  several  degrees, 
as  an  error  would  then  be  render- 
ed inconsiderable,  by  being  spread 
over  a  greater  interval. 

Motion  of  the  Eartk.'—Thert  are 
three  principal  motions  of  the 
earth.  1.  A  motion  of  rotation  on 
its  own  axis ;  S.  A  motion  in  an 
orbit  round  the  sun ;  3.  A  motion 
of  its  axis  about  liie  poles  of  the 
ecliptic. 

The  rotation  of  the  earth  on  its 
axis,  called  its  diurnal  motion,  is 
the  most  uniform  we  are  acquaint- 
ed with.  It  is  performed  in  23* 
66W1,  of  mean  solar  time,  or  one 
sidereal  day. 

Tlie    earth,     or    more    strictly 
speaking,  the  common   centre  of 
gravity  of  the  earth   and   mcxm, 
describe  an  orbit  round  the  sun, 
which  orbit  is  of  an  elliptic  form 
of  small  eccentricity  ;  the  sun  be- 
ing placed  in  one  of  its  foci.    If 
we  suppose  the  plane  of  this  orbit 
extended  to  the  Axed  stars,  it  will 
trace  in  the  heavens  a  circle  call- 
ed the  ecliptic.    The  plane  of  the 
earth's    equator,    whicli    remains 
very  nearly  parallel  to  itself  dur> 
ing  the  whole  of  this  revolution,  is 
inclined  to  the  ecliptic  at  an  angle 
of  23°  28'.    The  points  in  the  earth's 
orbit,    which    are    intersected    by 
this  plane,  are  called  the  equinoc- 
tial points. 

Tite  motion  of  the  earth  in  its 


orbit  is  very  far  from  unifonn; 
but  it  is  so  tar  regnlar,  that,  wiiii 
the  exception  of  some  small  ineqaa- 
lities  caused  byihe  action  of  ilw 
moon  and  pHaneta,  the  radios  vce 
tor,  or  line  joining  the  centres  of 
the  earth  and  son,  describes  equi 
areas  or  sectors  of  the  ellipse,  n 
equal  times. 

The  third  motion  of  the  eartk, 
is  that  which  prodacet  the  pre 
qession  of  the  equinoxes.  The 
motion  of  rotation  having  prodae- 
ed  a  protuberant  form  in  the  cqw> 
torial  regions  of  Ihe  earth,  ibc 
continual  action  of  the  aan  aial 
moon  on  this  surrounding  nuus  or 
annulus,  produces  a  rotary  motioa 
in  the  axis  of  the  earth  roaad  the 
axis  of  the  ecliptic ;  the  iDclii» 
tlon  of.  theae  axia  remaining  tlw 
same.  This  revolution  is  acco* 
plished  in  95,003  3'eara. 

The  principal  elements  of  Ac 
earth,  as  connected  with  the  iri* 
ences  of  astronomy  and  gcogrip 
phy,  according  to  the  determiM- 
tion  of  Laplace,  are  as  follows: 

Equatorial  diamet.  7014  EnK.aiilci 
Polar  diameter        71108      ■  -    - 
M^an  diameter         7010  - 

Mean  circnmfer.  t4M0       -'   '  - 

Mean  length  of  >       jm»  ■« 

a  degree  J      •*•* 

Surface  .  .  lOe80tlA0  sq.  mb. 
Solidity       .    SSO7«oe304l0  cabie 

[mUes. 

Density  of  the  earth  is  3  8811 
times  greater  than  the  density  «>f 
the  sun,  and  atwut  five  times  thit 
of  common  water. 

Mass  of  the  earth  is  jULgg  of  the 
sun. 

The  weight  of  a  body  at  tlM 
equator,  is  to  theweiglitol  thesant 
body  at  the  poles,  as  1 ;  VWM» 

The  length  of  a  second's  pends- 
lum  at  the  equator  is  30*017  incbeii 
and  at  the  )M»les  39*107  inches. 

The  centrifugal  force  at  the 
equator  is  about  ^1    of  gravity. 

If  the  routory  motion  cif  the 
earth  was  seventeen  times  greater 
than  it  is,  the  centrifagaT  force 
would  be  cqu.il  to  that  of  gravity; 
and  therefore  bodies  at  the  eqostrf 
would  then  have  no  weight. 

The  mean  distance  of  the  esrth 
from  the  sun  is  83,57S  times  itsovi 
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■eml-dfameter«  or  abont  93,331  ,rX4 
English  miles. 

Its  aphelioM  distance  it  04,869,538 
miles. 

Its  perihelion  distance  is  91,753,930 
miles. 

We  are,  therefore,  more  than 
three  million  miles  nearer  the  san 
at  the  winter,  thiui  at  the  summer 
solstice. 

The  eccentricity  of  its  orbit  is 
*0I6S,  the  serai-axis  major  being 
considered  as  nnity. 

Tlie  earth  performs  one  complete 
sidereal  revolution  in  305^  0*  ^ 
11  "'3;  but  the  tropical  year  is 
only  38S<<  3*  48' 31"-6 ;  being  less 
than  in  the  time  of  Uipparchas  by 
ll«-«. 

The  mean  veioeitv  of  the  earth, 
in  iu  orbit  is  W  lo"7  each  day. 
When  in  its  perihelion  this  velo- 
city is  1*  V  9"'9  per  day  ;  and  in 
iu  aphelion  37'  10"'7. 

Tiie  mean  longitude  of  the  earth, 
M  tl&e  commencement  of  the  pre* 
sent  century,  was  3*  10"  9'  13'^ 

The  mean  longitude  of  its  peri- 
belton,  at  the  sajue  period,  was 
t>  9"  30^  »'.  But  the  line  of  the 
apsides  has  a  direct  sidereal  motion 
of  19*  40"  8  in  a  contdry  ;  which 
being  referied  to  the  ecliptic  will 
give  it  a  motion,  according  to  the 
order  of  the  signs,  of  1'  1"*9  in  a 
year,  or  1**  43'  10"'8  m  a  century. 

A  complete  revolution  about  the 
line  of  the  apsides  is  called  the 
anomalistic  year ;  and  is  performed 
in  305<t  8*  I4£  3'/.  The  perihelion 
coincided  with  the  vernal  equinox 
about  the  year  4089  before  the 
Christian  aera;  it  coincided  with 
the  summer  solstice  about  the  year 
1S30  nfter  Christ ;  and  will  coin- 
cide witii  the  autumnal  equinox 
alx>nt  the  vear  6483. 

A  complete  tropical  revolution 
of  the  apsides  is  performed  in 
S0.931  years. 

The  axis  of  the  earth  Is  inclined 
to  the  plane  of  the  ecliptic  in  an 
angle  of  23**  V  Blt»i  which  angle 

From  the  spring  equinox  to 

summer  solstice 

From  the  summer  soI&Uce  to  the 

autumnal  equinox 

From  the  autumnal  equinox  to  the 

winter  solstice  • 

From  the  winter  solstice   to  the/gg 

spring  equinox ) 


is  observed  to  decrease  at  the  rale 
of  5*2"  I  in  a  century  ;  but  this  va- 
riation of  the  angle  is  confined 
within  certain  limits,  and  cannot 
exceed  %*  43*. 

The  nutation  of  the  axis  is  19'''3'. 

The  annual  inters«cti<iii  of  the 
equator  with  the  ecliptic  is  not 
always  in  the  same  point,  but  is 
retrograde,  or  contrary  to  the  order 
of  the  signs.  Consequently,  the 
equinoctial  points  appear  to  move 
forward  on  the  ecliptic  :  and 
whence  this  phenomenon  is  called 
the  precession  of  the  equinoxes.  The 
quantity  of  this  annual  change  is 
50"*  I  ;  or  1*  33'30"  in  a  century.  A 
complete  revolution  is  performed 
in  35,808  years. 

The  sidereal  day,  or  the  time 
employed  by  the  earth  in  revolv- 
ing on  its  axis,  is  always  the  same. 
If  the  mean  astronomical  or  civil 
day  be  taken  equal  to  94  hours, 
the  duration,  of  the  sidereal  day 
will  be  33*  Off  4"1. 

"The  astronomical  or  civil  day  ii 
constantly  changing.  This  varia- 
tion arises  from  two  causes :  1.  The 
unequal  motion  of  the  earth  iu  its 
orbit ;  2.  The  obliquity  of  that  or- 
bit to  the  plane  of  the  equator. 
The  mean  and  apparent  solar  days 
are  never  equal,  except  when  ttie 
sub's  daily  motion  in  right  ascen* 
sion  is  59*  8".  This  is  the  case 
about  April  16,  JunevlO,  September 
1,  and  December  35 :  on  these  days 
the  difl'erence  vanishes,  or  nearly 
so.  It  is  at  its  greatest  about  No< 
vember  1,  when  it  is  16'  16". 

The  astronomical  year  is  divided 
into  four  parts,  determined  by  the 
two  equinoxes  and  the  tWo  sol* 
stices.  The  interval  between  the 
vernal  and  autumnal  equinoxes  is 
(on  account  of  the  eccentricity  of 
the  eaith's  orbit,  and  its  unequal 
velocity  therein)  near  eight  days 
longer  than  the  interval  between 
the  autumnal  and  vernal  equi. 
noxes.  These  intervals  are,  at  pre 
sent,  nearly  as  follow  : 

the?   "^  '*  *» 


93  21 

93  13 


89  16  47 


45/       d.   h,  m. 
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EcLifsst  are  divided  with  re- 
•pect  to  theol:rjectt  eclipsed  fftto 
jolor  and  hmar  ecliines,  and  those 
of  Jupiter's  satellites.  And  witli 
reapect  to  circumstances,  into  total, 
ptartial,  mmuiar,  and  central  eclip- 
«es. 

Bvery  planet  and  satellite  in  the 
aolar  system,  is  illuminated  by  the 
son  ;  and  casts  a  shadow  towards 
that  puint  of  the  heavens  which  is 
opposite  to  the  illuminating  body  ; 
which  shadow  is  nothing  more 
than  a  privation  of  light  in  the 
a|Nu:e  hid  from  the  san  by  the  opa- 
que body  that  intercepts  his  rays. 
.  When  the  son's  light  is  so  inter- 
cepted by  the  moon,  that  to  any 
place  of  the  earth  it  appears  partly 
or  wholly  covered,  he  is  said  to 
ondergo  an  eclipse;  thongh,  pro- 
perly speaking,  it  is  only  an  eclipse 
of  that  part  of  the  earth  where  the 
moon's  shadow  or  penumbra  falls. 
IVlian  the  earth  comes  between 
the  son  and  moon,  the  moon  falls 
into  the  earth's  shadow ;  and  hav- 
ing no  light  of  her  own,  she  suffers 
a  real  eclipse  from  the  interception 
of  the  tun's  rays.  When  the  sun 
is  eclipsed  to  as,  the  inhabitants  of 
the  moon  on  the  side  next  the 
earth,  see  her  shadow  like  a  dark, 
spot  travelluig  over  the  earth, 
about  twice  as  fast  as  its  equatorial 
parts  move,  and  in  the  same  direc- 
tion. When  the  moon  is  eclipsed, 
the  son  appears  eclipsed  to  her, 
total  to  all  those  parts  on  which 
the  earth's  shadow  falls,  and  of  as 
long  continuance  as  they  are  in 
the  shadow. 

MAinmr  Eclipsks  happen  only  at 
the  time  of  full  moon  ;  because  it 
18  only  then  that  the  earth  is  be- 
tween the  sun  and  moon  :  nor  do 
they  happen  every  full  moon,  be- 
cause of  the  obliquity  of  the  moon's 
gath  with  respect  to  the  earth's, 
ut  only  in  such  full  moons  as 
happen  either  at  the  intersection 
of  those  two  paths,  called  the 
moon's  nodes,  or  very  near  them  ; 
vi%*  when  the  moqn's  latitnde,  or 
distance  between  the  centres  of 
the  earth  and  moon,  is  less  than 
the  sum  of  the  apparent  semi-dia. 
meters  of  the  moon  and  the  earth's 
shadow. 

Tlie  piincipal  circumstances  in 
lunar eclipees  areas  follow:  1.  All 

i9r 


lunar  eclipses  are  universal,  or 
visible  in  ail  parts  of  the  earth 
which  hav^  the  moon  above  their 
horizon,  and  are  everywhere  of 
the  same  magnitude  and  duration. 
2.  In  all  lunar  eclipses,  the  eastern 
side  (or  the  left-hand  side,  as  we 
look  towards  her  from  the  north) 
is  that  which  first  immerges  into 
the  shadow,  and  emerges  again ; 
for  the  proper  motion  of  the  moon 
bei  ug  swifter  llian  thatof  tiie  earth's 
shadow,  the  moon  approaches  it 
from  the  west,  overtakes  and  passes 
through  it  with  the  moon's  east 
side  foremost,  leaving  the  shadow 
behind,  or  to  the  westward.  3.  AU 
though  total  eclipses  of  the  longest 
duration  happen  in  the  node,  ^et 
there  may  be  total  eclipses  withm  a 
small  distance  of  the  nodes,  name- 
ly, within  that  distance  where 
the  moon's  latitude  is  equal  to 
the  apparent  semi-diameter  of  the 
earth's  shadow,  minus  the  semi- 
diameter  of  the  moon's  disc, 
but  in  these  situations  tiie  dura- 
tion of  total  da^-kness  will  be 
short ;  whereas  in  central  eclipses 
it  will  continue  nearly  two  hours* 
4.  If  the  earth  had  no  atmosphere, 
the  moon,  when  she  was  totally 
eclipsed,  would  be  invisible;  but 
as  the  earth  has  an  atmosphere, 
some  of  the  light  from  the  sun  will 
be  refracted  thereby,  and  trans- 
mitted to  the  moon,  on  which  ac-> 
count  she  will  i>e  visible  at  that 
time,  and  appear  of  a  dull  red 
colour.  Lastly,  she  grows  sensibly 
paler  and  dimmer,  before  entering 
into  the  real  shadow ;  owing  to  a 
penumbra  which  surrounds  that 
sliadow  to -a  certain  distance. 

Solar  Eclipses,  happen  only 
when  the  moun  is  in  conjunctiuu 
with  the  sun,  that  is  at  the  new 
moon,  and  also  in  the  nodes,  or 
near  tliem,  the  limit  being  about 
17"  on  each  side  a  node;  such 
eclipses  only  happening  when  the 
latiiiide  of  the  uiuou,  viewed  from 
the  earth,  is  less  than  the  sum  of 
the  apparent  semi-dianieters  of  the 
sun  and  moon.  In  the  nudes,  when 
the  moon  has  no  visible  laiitude, 
the  occultation  is  total;  with  some 
continuance  when  the  disc  of  the 
moon  in  perigee  appears  greater 
than  that  of  the  sun  in  apogee,  and 
its  shadow  is  extended  bevond  x\i% 
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surface  of  the  earth  ;  and  without 
coniiuuance,  *irheii  the  point  of  tlie 
moon's  shadow  barely  covers  the 
earth.  Lastly,  out  of  the  nodes, 
but  within  the  liiuiu,  tiie  eclipses 
are  partial. 

An  eclipse  of  the  sun  does  not 
appear  the  same  in  all  parts  of  the 
earth  where  it  is  seen,  but  is  in 
some  total   or  annular,  while  in 
others  it  is  partial.   A  solar  eclipse 
does  not  happen  at  the  same  time 
in  ail  places  where  it  is  seen,  but 
appears   earlier    in    the    western 
paru  than  in  those  to  the  eastward, 
because  the  motion  of  the  moon 
beyond  the  sun,  and  consequently 
of  her  shadow,  is  from  west  to  east. 
An  eclipse  of  the  sun  begins  on 
tiie  western  side,  and  ends  on  the 
eastern.    No  eclipse  happens  to  all 
the  places  where  the  sun  is  visi. 
ble,  tor  the  penumbra  at  no  time 
covert  an  entire  hemisphere  of  the 
earth.    The  portion  of  the  cusp  of 
the  horns  of  the  unobscured  part 
of  the  sun's  disc,   may  be  easily 
found  in  the  middle  of  the  eclipse, 
lor  the  line  which  joins  them  is 
parallel   to   the   moon's   apparent 
way.  The  middle  of  a  solar  eclipse 
will  not  be  at  the  same  time  in  all 
places  on  the  same  meridian  ;  for 
the  parallax  of  longitude  will  be 
different   in   diflfereut    longitudes. 
The  excess  of  the  apparent  semi- 
diameter  of  the  moon  above  that 
of  the  sun  in  a  total  eclipse  is  so 
small,  that  total  darknebs  seldom 
constitutes  more  than  four  mmutes 
in  the  latitude  of  London.    In  most 
solar  eclipses  the  moon's  dibc  is 
covered  with  a  faint  lijiht,  which 
is  atiribnted   to  the  reflection  of 
the  light  from  the  illuminated  part 
of  the  earth.    In  total  eclipses  of 
the  sun  the  darkness  is  so  great  as 
to   render  the  stars    and    planeU 
perfectly  visible;  these  however 
are  very  rare  occurrences  in  any 
particular  place.    ■ 

The  Numbtr  of  Eclipses  of  both 
luminaries  cannot  be   fewer  than 
two,  nor  more  than  seven,  in  one 
year;   the  most   usual  number  is 
lour,  and  it  is  rave  to  huve  more 
than  six.    The  icason  is  obvious; 
for  the   sun    passts    by  both    the 
nodes  of  the  moon's  orbit  but  once 
in  a  year,  unless  he  pass  by  one  of 
them  in  the  bcgiauiug  of  it,  in 


which  case  he  will  pmsa  by  Um 
same  again  a  little  before  the  eBd{ 
because  the  nodes  retrograde  about 
19|*  every  revelation,  and  there- 
fore the  sun  will  come  to  either  of 
them  about  173  days  after  the 
other,  for  he  will  have  to  move 

lao" -^,  which     will    occupy 


2 
nearly    I7S  days*    And   if  either 
node  be  within  17*  of  the  tun  at 
the   time  of  new  moon,  the  taa 
will  be  ecli|Med ;  end  at  the  snbse* 
quent  oppositioot  the  moon  will  be 
eclipsed   in  the  other  node,  and 
come  round  to  the  nest  conjonc- 
tion  before  the  former  node  be  17* 
beyond  the  sun,  and  eclipse  him 
again.    When  three  eclipses  hap* 
pen  about  either  node,   the  iilit 
number  commonly  happens  about 
the  opposite  one ;  as  the  son  comet 
to  it  m  173  days  afterwards,  and  • 
lunations  contain  only  4  days  moie. 
Thus  there  may  be  two  eciipsctof 
the  sun.  and   one  of  the   ■uxM^ 
about  each  of  the  nudes.   Speakitf 
generally,  there  will  be  moie  sdsr 
ihan   lunar  eclipses,  as  Uiey  will 
nearly  bear  the  proportion  of  their 
limiu,  t>iz.  about  4  to  8.    But  wait 
lunar  than  solar  eclipses  are  tcca 
at  any   given    place;    because  a 
lunar  eclipt-e  is  visible  on  a  wholt 
terrestrial    hemisphere    at    once, 
whereas  a  solar  eclipse  is  vitiblt 
only  in  a  small  portion  of  iL 

The  m(K)n's   nodes  move   back* 
wards  VH^  every   year,  therefore 
tliey  would  shift   through  all  the 
points  of  the  eciipiio  in  eighlcca 
years  and  225  days ;  and  this  woaM 
be  the  regular  }>eiiud  of  the  return 
of  eclipoe.t,  if  any  complete  vnme- 
ber  of  lunations    were  pciforiM^ 
ill  it,  without  a  fraction ;  which  h 
however  not  the  case.     BatmtD 
mean    lunations,    after    the    svi 
moon,  and  nodes,  have  been  onct 
in  a  line  of  conjunction,  they  !<■ 
turn  so  nearly  tu   the  same  tWt 
again,  that  tiie  bame  node  whiok 
was  in   conjuiictiun  with  the  sts 
and  moon  at  the  beginning  of  thtit 
lunations  will  be   witliin  18^  U*  s' 
liie  line  of  conjunction,  when  tkt 
last  of  these  lunations  is  completed; 
and  in  this  pciiud  there  will  bet 
regular  rtturn   of  eclipses,  till  ^ 
be  repeated  about  forty  tines, tr 
,  iu  about  720  yeart,  when  the  lii* 
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of  tbc  nodes  will  be  SB'  x  40  from 
tbe  coi\)ttnction,  and  witl,  conse- 
qoently,  be  beyond  the  ecUplic 
limits. 

Eclipses  are  of  considerable  use 
in  astronomy.  Eclipses  of  the  moon 
determine  the  spherical  figure  of 
the  earth ;  they  also  show  that  the 
Bun  is  larger  than  the  earth,  and 
the  earth  than  the  moon.  Eclipses 
also,  that  are  similar  in  all  circam* 
stances,  and  that  happen  at  consi* 
derable  intervals  of  time,'serve  to 
ascertain  the  period  of  the  moon's 
motion. 

ECLIPTIC,  in  Aitr&nomg,  a  great 
circle  of  the  sphere,  supposed  to 
be  drawn  through  the  middle  of 
tbe  zodiac.  It  is  the  apparent  path 
of  the  earth,  as  viewed  from  the 
aon,  and  thence  called  the  helio. 
centric  circle  of  the  earth.  It  ob- 
tauned  the  name  ecliptic,  because 
rU  eclipses  of  the  son  and  moon 
happen  when  the  moon  is  in  or 
near  a  node  or  point  where  her 
path  intersects  this  circle. 

Upon  the  ecliptic  are  marked 
and  counted  the  twelve  celestial 
signs,  Aries,  Taurus,  4kc.  and  upon 
it  the  longitudes  of  planets  and 
stars  are  reckoned.  It  is  situated 
obliquely  with  respect  to  tbe  equa- 
tor, and  cuts  it  in  two  points,  vix. 
tbe  beginning  of  Aries  and  Libra, 
^rhich  are  directly  opposite  to  each 
other;  Mid,  accordingly,  we  find 
the  sun  twice  every  year  in  the 
eqaator;  and  all  the  rest  of  the 
year,  either  on  the  north  or  south 
0ide  thereof.  Tbe  ecliptic  is  bisect- 
ed by  the  horixon ;  consequently, 
the  arch  of  the  eclipUc,  intercept- 
ed between  the  liorizon  and  the 
Bneridian,is  a  quadrant.  And  again, 
the  solstitml  points  of  the  ecliptic, 
those  most  remote  from  the  eqna- 
ti>r,  are  a  quadrant  distant  from 
the  equinoctial  points. 

ObliquUif  of  the  Ecliptic,  is  the 
angle  which  it  makes  witu  the  equa- 
tor at  their  intersection.  Thi«  ob- 
liquity may  be  found  in  the  follow- 
ing manner :  about  the  time  of  the 
summer  soUtice  observe  the  sun'» 
meridian  altitude  with  the  utmost 
care,  for  several  days  successi  vely : 
from  the  greatest  altitude  observ- 
ed, subtract  the  height  of  the 
equator;  and  the  remainder  is  the 
(I  eaiest  declination,  which  is  the 


solstitial  pMnt.  Or,  it  may  b« 
found  by  observing  the  niendian 
altitude  of  the  suu's  centre  on  the 
days  of  the  summer  and  winter 
s<il8tice;  the  dilference  of  those 
altitudes  will  be  the  distance  of 
the  tropics;  and  half  that  distance 
will  be  the  obliquity  of  the  eclip- 
tic. 

This  obliquity  is  now  about  33* 
27/  iJ" ;  but  it  is  variable.  By  a 
comparison  with  the  most  early 
and  accurate  observations,  it  ap- 
pears that  the  diminution  of  the 
obliquity  is  on  the  average  about 
the  rate  of  50|"  in  a  century,  or 
half  a  second  m  a  year.  It  is  st 
present  S.i"  V. 

This  change  in  the  obliquity  of 
the  ecliptic  arises  wholly  from  the 
actions  of  the  planets,  particularly 
Venus  and  Jupiter,  upon  the  earth. 
After  a  very  long  period,  the 
change  of  obliquity  will  vary  from 
a  diminution  to  an  increase,  and 
never  exceed  3^.  Laplace  makes 
the  limit  of  variation  2*  43/. 

Poies  of  the  EcLiPTtc,  are  the 
two  opposite  points  of  the  sphere, 
which  are  every  way  equally  dis- 
tant from  the  ecliptic,  or  00*. 
•  ELASTIC,  having  the  power  of 
returning  to  the  form  from  which 
it  has  been  distorted. 

The  principal  phenomena  obsenr- 
able  in  elastic  bodies  are  thus  enu- 
merated: I.  A  per/ectljf  elastic 
body,  has  a  tendency  to  restore 
itself  with  the  same  force  with 
which  it  is  pressed  or  bent.  3.  An 
elastic  body  exerts  its  force  equal  ly 
on  all  sides,  but  the  effect  is  found 
principally  where  there  is  the  least 
resistance.  3.  Elastic  bodies,  in 
whatever  manner  they  are  struck 
or  bent, are  reflected,  and  rebound 
with  the  same  force  in  an  opposite 
direction ;  thus  an  elastic  body 
will  rebound  from  the  plane  on 
which  it  impinges,  with  the  same 
velocity  with  which  it-  meets  it, 
and  so  as  to  make  the  angle  of 're- 
flection equal  to  the  angle  of  inci- 
dence. 4.  A  perfectly  fluid  body 
(being  defined,  that  which  cannot 
be  compressed)  cannot  be  elastic. 
5.  A  perfectly  solid  body  cannot 
be  elastic.  8.  The  elasticity  of 
nit)st  bodies,  particularly  of  long 
and  slender  fonn.s,  may  he  easily 
shown,  and  even  in  veiy  hard  and 
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compact   bodies    their    clastidty  I  latter,  all  metmis,  Mmi  metMlt,  Wii 
may  be  manifegted  in  various  ways;  I  talUc  ores^  charcoal,  water,  &c.  ^ 


thus,  for  instance,  let  a  marble 
•lab,  or  a  flat  and  smooth  iron,  be 
covered  with  black  lead,  or  with 
printing  ink ;  then  drop  an  ivory 
ball  n]x>n  it  from  different  heights, 
and  the  degree  of  compression  on 
it  will  be  indicated  by  the  magni- 
tude of  the  spot  which  will  be 
found  upon  the  ivor>'  ball. 

Elastic  Curve,  is  the  name  that 
James  Bernouilli  gave  to  the  curve 
which  is  formed  by  an  elastic 
blade,  fixed  horizontally  by  one 
ofits  extremities  in  a  vertical  plane, 
and  loaded  at  the  other  extremity 
with  a  weight,  which  bends  the 
blade  into  a  curve.  It  is  not  the 
same  as  the  catcnar>',  though  fre- 
quently confounded  with  that 
curve.  If  we  call  x  the  distance 
of  any  point  from  the  line  of  direc- 
tion of  the  weight,  we  shall  have 
fur  the  radius  ot  the  evolute 
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whence  regarding  ;r  as  constant 


9  and 
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which  IS  the  equation  of  the  elastic 
curve. 

£LA  STIC  Fluids,  are  those  which 
are  possessed  of  an  elastic  pro- 
lierty,  as  air,  steam,  &c. 

Elastic  Gum,  the  same  as  caout- 
chouc, or  Indian  rubber. 

ELASTICITY,  is  that  property 
of  bodies  by  which  they  restore 
thf  niHelves  to  their  original  figure 
after  compression. 

ELKCTRIC,  a  body  capable  by 
friciion,  or  otherwise,  of  exhibiting 
the  phenomena  of  electricity  ;  and 
which  body  is  at  the  same  time 
impervious  to  electricity  ;  and  it  is 
to  Jbc  observed  that  those  bodies 
which  are  less  pervious  are  more 
capable  of  beini;  excited ;  and 
those  which  are  more  pervious  are 
less  capable  of  excitation.  The 
former  of  these  classes  are  called 
electrics,  or  non-conductors,  and 
the  latter  conductors  or  non-elec- 
trics. Of  the  former  are  glass, 
precious  stones,  anU^er,  sulphur, 
rejifu,  wax,  siik.  &c. :  and  of  the 
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Electbiq /'i«<d,afine,rare  fliiida 
which  is  supposed  to  issae  from 
and  surround  electrical  bodies. 

ELECTRICAL,  belonging  lo 
Elkctkicitt. 

Elxcthical  Apparatue,  the'diA 
ferent   machines  and    sobstanccf 
employed  for  exciting  and  explain- 
ing the  phenomena  of  electrici^. 
ELKCTaiCAL  JBaiterjf,  consists  of 
a  numlMfr  of  coated  jars,  placed 
near  each  other  in  a  convenient 
manner.    These  being  charged,  or 
electrified,   auid*  connected   with 
each  other,  are  then  suddenly  ex. 
ploded  or  discharged,  with  a  pro- 
digious effect.    (Plate  III.  Fig.  S.) 
Elkctbical  Jar,  one  of  the'jan 
of  the   battery,  otherwise  callei 
the  Leyden  phial. 

Elkctkical  Kite,  was  contrived 
by  Dr.  Frauklin,  to  verify  his  hy- 
pothesis of  the  identity  of  elect^ 
city  and  lightning.    It  consisted  of 
a  large,  thin,  silk   handkerchief, 
extended  and  fastened  at  the  foor 
corners  to  two  slight  strips  of  cedar^ 
and   accommodated   with  a   tail* 
loop,  and  string,  so  as  to  rise  &i  the 
air  like  those  of  paper.  To  the  top 
of  the  upright  stick  of  the  cross  a 
shaj-p-pointed  wire  was  fixed,  ris> 
ing   a    foot    or  more   above   the 
wood;    and   to  the    end   of  the 
twine,  next  the  hand,  was  attach- 
ed  a  silk  ribband.     From  a  key 
suspended  at  the  union  of  the  twine 
and  silk,  when  the  kite  is  raised 
during  a  thunder-storm,   a  phial 
may  be  charged,  and  electric  6rt 
collected,  as  is  usually  done  by 
means  of  a  robbed  glass  tube*  or 
globe. 

Electrical  ilfocAine,  the  prin- 
cipal part  of  the  electric  appara- 
tus, so  constructed  as  to  be  capable 
of  exciting  electricity,  and  exhi- 
biting its  effects  in  a  very  sensible 
manner. 

A  great  variety  of  forms  have 
been  Riven  to  electrical  machines, 
either  for  the  sake  of  convenience^ 
or  ill  urder  to  render  their  effeeti 
more  powerful ;  we  shall  only  SJ^ 
plain  one  of  the  mostsimple  forms, 
as  is  represented  at  fig.  4,  plaU  l» 
The  cylinder  FGHI,  is  sap- 
ported  by  two  strong  perpendie» 
lar  pieces  B  £•     The  axis  of  •ot 
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p  of  the  cylinder  luovet  In  a  tmall 
hole,  at  the  apper  parts  of  one  oi 
the  supports,  aiui  the  opposite  axis 
passes  through  the  upper  pait  of  the 
other  support.  To  this  end  the 
handle  or  winch  is  fitted,  and  the 
cushion  is  supported  and  insulated 
by  a  class  pillar ;  the  lower  part  of 
V^hich  is  fitted  into  a  wooden  8uc1l«1, 
to  winch  a  regulating  screw  is 
adapted,  to  incrt'use  or  uiniinihh 
thtr  pressure  of  the  cushion  Mgambt 
the  c>  Under.  A  piece  of  silk  cunies 
I'rom  the  under  edge  of  the  cushion, 
and  lies  on  the  cylinder,  passing 
between  ii  mid  the  cusiiiun,  and 
proceeding  till  it  nearly  nieeis  the 
collecting  points  of  ihecoiidui'tor. 
The  more  strongly  this  conductor 
is  made  lo adhere  to  the  cylinder, 
the  stronger  is  the  degree  of  ex. 
citation.  iSefore  the  cylinder,  or 
oppiisite  to  the  cushion,  is  a  me- 
tallic tube  Y  Z,  sup|ortfd  by  a 
glass  pillar  L  M.  This  is  Mjnit- times 
called  the  prime  conductor,  often 
only  the  conductor;  and  lor  the 
more  conveniently  trying  ex]>eri- 
menis  on  the  two  powers,  anu  ex. 
hibiiing  the  difiereni  stales  of  the 
cushion  and  conductor,  there  are 
tMo  wires  to  be  tixed  occasionally, 
the  one  to  the  conductor,  the  other 
to  the  cushion ;  on  the  upper  part 
of  these  are  balls  furnished  \iith 
eliding  wires,  that  they  may  be  set 
apart  I'lom  each  other  at  uifl'vient 
distances. 

Having  examined  the  diflerent 
pai  IS  ot  ihe  machine,  and  put  them 
>n  oiuer,  ihe  glass  cylinder,  and 
tlte  pillars  which  support  the 
cushion  and  conductor,  should  be 
-well  wii>ed  >ftith  a  dry  silk  hand- 
Jierchief,  to  fiee  iheni  from  the 
moisture  which  glass  attracts  from 
the  air,  being  parliculai  ly  atten- 
tive to  leave  no  moisture  on  the 
ends  of  the  cylinder,  as  any  damp 
on  these  parts  cariies  <ifi'tiie  elec- 
tric fluid,  and  weakens  the  force 
of  the  machine :  in  very  damp 
weather  it  will  be  proper  to  dry 
the  whole  machine,  by  placing  it 
at  some  little  disianee  from  the  fire. 
Care  should  be  taken  that  no  dust, 
louse  threads,  or  filaments,  adhere 
to  the  cylinder, its  frame,  the  con- 
ductors, or  their  insulating  pillars; 
because  these  will  gradually  dissi- 
pate the  electric  fitiid,  and  pi  event 
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the  machine  from  acting  powerful* 
ly .  ^V  hen  satisfied  of  this,  rub  tlie 
glass  cylinder  first  with  a  clean, 
coarse,  dry  warm  cloth,  or  a  piece 
of  uash  leather,  and  then  with  a 
piece  of  dry,  warm,  M>fi  silk  ;  do 
the  same  l«>all  the  glass  insulating 
pillars  of  the  machine  and  appa- 
ratus; these  piliaismustbe  rubbed 
more  lightly  than  the  cylinder,  be- 
cause, being  varnished,  they  may 
be  damaged  by  tmi  much  fi  iction. 

It  may  be  proper  in  some  cases 
to  place  a  hot  iion  on  the  foot  of 
the  conductor,  in  nider  to  evapo- 
rate the  moisture  which  would 
otherwise  injure  the  experimenla. 

Ii  may  also  be  observed  that,  1. 
To  excite  the  machine,  it  is  requi- 
site to  clean  the  cylinder,  and  wipe 
the  silk.  2.  Giease  the  cylinder, 
by  turning  it  against  a  greasy  lea- 
ther, till  it  is  unifoinily  obscured. 
The  tallow  of  a  candle  will  answer 
this  purpose.  3.  Turn  the  cylinder 
till  the  silk  flap  has  wiped  ofl'  so 
much  of  the  giease  as  to  tender  it 
semi-transparent.  4.  Spread  Mime 
amalgam  on  a  piece  .of  leather, 
and  apply  this  against  the  turning 
cyUituer. 

The  best  kind  of  amalgam  is  made 
of  zinc  and  mercury.  If  a  little  of 
the  latter  be  added  to  melted  zinc 
itrendeis  it  easily  pulveiable,  and 
more  meicury  must  be  added  to 
tlie  po\%der  ii  very  suit  amalgam  is 
requited. 

KLECTRICITY,  the  name  of  an 
unknown  natural  iKiwcr  which  pro- 
duces a  great  variety  of  peculiar 
and  surjliising  phenomena.  The 
electric  pioperty  of  amber  was 
known  to  Thales,  who  lived  about 
600  years  before  our  aera,  though 
Theophrai^tuSfWho  flourished  about 
300  years  after  Thales,  is  the  first 
author  who  makes  any  distinct  re- 
mark on  this  snhjeel.  Some  other 
of  the  ancientM  also  speak  slightly 
on  this  head,  but  still  they  con- 
fined its  action  to  the  two  suLstan- 
ees  amber  and  jet,  and  knew  no- 
thing farther  of  its  efi'ect  except 
its  power  of  attracting  light  sub- 
stances alter  being  excited  by  fric> 
tion. 

ELECTROMETER,    an    instru- 
ment contrived  lor  measuring  the 
quantity  and  determining  the  qua- 
lity of  clectiicity .    The  must  com- 
08 
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mon  electiometeris  cmnposed  of  a 
pilhball  supporleU  on  a  wire,  and 
travertintr  a  graduated  arch. 

ELECTRO  PHORUS  is  a  machine 
consisting  of  two  plates,  one  of 
which  is  a  resinous  electric,  and 
the  other  metallic ;  and  when  the 
former  is  once  excited  by  a  pecu- 
Ij&r  application  of  the  latter,  the 
machine  will  furnish  electricity' 
for  a  considerable  tinie,from  which 
circumstance  it  derives  its  name. 

ELI  Mllf  AT  10  K, in  Analysis, 
tiiat  operation  by  means  of  which 
all  the  unknown  quantities  except 
one  are  exteirainated  out  of  an 
equation,  whence  the  value  of  that 
one  becomes  determined,  and 
lience  by  substitution  the  value  of 
all  the  others. 

This  is  a  subject  which  in  all  iu 
generality  involves  a  variety  of 
cases,  and  numerous  and  tedious 
investigalions,which  of  course  can- 
not be  treated  of  in  this  place :  but 
we  shall  give  one  or  two  of. the 
most  simple  cases. 

Let  there  be  proposed  the  two 
following  equations  of  the  first  de- 
gree: 

ax  •\- hjf  4- c  =  0 
dx -{- ep -\-/ =  0 

In  order  to  eliminate  one  of  the 
unknown  quantities,  for  example 
y,  the  1st  equation  is  multiplied  by 
e,  and  the  3d  by  b,  so  that  the  co- 
eflic'ient  of  y  in  both  may  be  equal, 
then  we  have 

eax  4-  bey  -\-ec  =  o 
hdx  4-  bey  -\-bf=^o 

Subtracting  the   second  of  these 

equations  tioni  tite  first,  we  have 

(ea  —  bdj  x  +  fc — hf=^o 

X  1  f^f —  ec 

whence  again,  x  =  -= r- 

ea—bd 

Having  thns  obtained  the  value 

of  X,  that  of  y  may  be  found  either 

by  substituting  this  value  of  x  in 

either  of  the  original  equations,  or 

by  multiplying  the  first  of  them  by 

d,  and  the  second  by  e,  and  then 

subtracting  as  above,  in  either  way 

we  find 

cd  —  af 

y=  -' 

ae  —  bd 
which  solutions  are  general  for  all 
equations  of  two  unknown  quali- 
ties of  the  first  degree,  and  may 
therefore  be  considered  as  formu- 
iae  of  solution  in  such  cases^ 


By  a  •)hiilarproteedbik|lftb«re 
were  given    the  three  lollowiag 
equatioiitof  the  first  degree,  vis. 
ax  -\-by-\-  e9-\'  rf  =  # 

««+/y+*«+  *  =  • 

ix  +ilr9+  ls  +  ">==^' 
we  should  find 

_  bkl—ckk  -{-dgk^gbm 

cik — gdK-\-  afl^  bel 
-f-big^ifii 

ctk-^gdk  -f^fi-^bal 

4-d0l-^gU      , 

+  big^ife 

^^-«lek-\-dn^0fm 

•ek^gdk.-^mfi^M 

And  by  means  of  thote  gencna 
formulte.  we  have  the  complete  8o< 
Intion  of  all  equations  of  (be  first 
degree,  containing  three  nnkoowa 
quantities. 

Another  method  itthe  followiu : 

^^  «*f  «» f .  «,  *c.  reprcMbt  the 
unknown   quantities,  and  let  tlM . 
number  of  them,  as  also  the  noait ' 
ber  of  the  equations,  be  is. 

Let  «,  6,  Cf  d,  &c.  be  the  respee* 
tive  co-efficients  in  the  first  eaaa> 
tion. 

ai,  b>,  d,  df,  those  of  the  second, 

a",  bit,  c",  d'l,  those  of  the  third, 
and  so  on. 

And  let  us  conceive  the  knowa 
term  in  each  equation  to  be  e( 
fected  by  some  unknown  qoantity, 
which  may  be  represented  by  U 

Form  the  product  turyzf,  of  all 
the  unknowns,  written  in  any  order 
ut  pleasure;  only  when  this  orderis 
once  determined  on  in  any  case,tlie 
same  must  be  observed  througboaU 

Change  now  succewively  each 
unknown  for  its  co-efficiont  in  the 
first  equation,  and  observe  le 
change  the  sign  of  each  even  tern, 
and  this  result  is  called  thejM 
line,  '^ 

Change  inthU/fr««liiteeaeh  n- 
known  for  its  co^efflctent  in  the  i» 
cond  equation,observini;,  as  abovt^ 
to  change  the  sign  of  each  even 
term,  and  this  result  is  called  the 
second  line. 

Change  again  in  this«ccMMitac, 
each  unkJiown  for  iu  co-eOckBtia 


I 
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tbe  tbird  «0ii«tioDf  oUenrinff  still 
the  suie  change  of  sign,  and  call 
this  the  tMra  MfW. 

ConUnae  thus  the  operation  to 
the  last  eqaation  inclasively,  and 
the  last  line  that  yoo  obtain  will 
give  yoo  the  value  of  each  of  the 
unknown  quantities,  as   follows. 

Each  nnknown  quantity  will  be 
expressed  by  a.  fraction,  of  which 
the  namerator  is  the  co-ei&cient  of 
the  sauie  unknown  letter  in  the 
last  or  nth  line,  and  the  general 
dendminator  will  be  the  co-efficient 
corresponding  with  the  unknown 
quantity  t,  which  was  introduced 
in  the  beginning  of  the  operation. 

This-will  be  understood  from  the 
following  example :  Let 
a  X  -\-  bf  -\-  c  =.0 

i^  X  +  bf  tf  +  cf  =0 
Introducing    t  these   equations 
become, 

a  «  +  *  y  +  cf  =  tf 
a/ar-f  bly-\-cft=o 
^nd  form  tlie  product  xyt. 

Now  change  x  into  a,  y  into  b,  t 
into  c,  and  change  the  sign  of  those 
terms  which  stand  in  an  even  place; 
thus  we  have 

ayt—  bxt-\-cxp 
Now'agahi  change  x  into  of,  y  into 
V,  t  into  tf,  changing  signs  as  be- 
fore, and  we  have 

mVt-*ady—afht-\-bcfx-\-a)cy—Vcx  or 

{flbl^baf)t—{ad''a'c)y-^b&^yc)x 

b&  —  6'c 
whence  x  = 


And 


y  = 


abl  —  bal 
OA'  —  ba' 


ELLIPSE,  one  of  the  conic  sec- 
tions, formed  by  the  intersection  of 
a  plane  and  cone  when  the  plane 
makes  a  less  angle  with  the  base 
than  that  formed  by  the  base  and 
the  side  of  the  cone. 

The    word    is     derived    from 

IxXfwvf ,  defective^  and  is  thus  de- 
nominated,  because  the  square  of 
the  ordinate  in  this  -fi(;ure  is  al. 
ways  less  than  the  rectangle  of  the 
parameters  and  abscisses. 

There  are  three  ways  in  which 
we  may  define  an  ellipse  ;  viz,  1. 
As  being  produced  by  the  inter- 
section of  a  plane  and  cone,  as  we 
find  it  treated  of  by  Apollonius  and 
all  the  ancients,    t.  According  to 


its  description  In  piano,  as  it  is 
treated  of  by  several  of  the  mo- 
derns. And  3.  As  being  generated 
by  the  motion  of  a  variable  line  or 
ordinate,  along  another  line  or  di- 
rectrix. 

Properties  of  the  Eliipse^—l.The 
squares  of  the   ordinates   of  the  ^ 
axis,  are  to  each  ether  as  the  rec- 
tangle of  the  abscisses. 

Or  if  one  of  the  ordinates  be 
taken  at  the  centre. 

As  the  square  of  the  transverse 
axis 

Is  to  the  square  of  the  conjugate. 

So  is  the  rectangle  of  the  ab- 
scisses 

To  the  M]uare  of  their  ordinate. 

From  which  property  is  readily 
dravm  the  equation  of  the  ellipse ; 
for,  make  the  transverse  ^  t,  the 
coi\iugate=c,  the  absciss =x,  and 
the  ordinate =y, 

then    f«  :  <J»  :  ar  (f — *)  :  y» 

c* 
whoice  y«  =—  (tx—afi)  or 

y  =1  ^(«r-ai>) 

2.  The  sum  of  the  two  lines 
drawn  from  the  two  foci  to  any 
point  in  the  curve  is  always  equal 
to  the  transverse  axis. 

From  this  property  is  derived  the 
common  methbd  of  describing  the 
curve  mechanically  by  points,  or 
by  a  thread,  thus: 

In  the  transverse  axis  take  any 
point  whatever.  Then  will  the 
segments  of  the  transverse  de- 
scribe, from  the  foci  as  centers, 
two  arcs  intersecting  each  other  in 
a  point  in  the  curve.  In  like  man- 
ner determine  other  points.  Then 
with  a  steady  hand  a  curve-line 
may  be  drawn  through  all  the 
points  of  intersection,  which  will 
be  the  ellipse  required. 

Or,  otherwise,  take  a  thread  of 
the  length  of  the  transverse  axis, 
and  fix  its  two  ends  in  the  foci. 
Then  carrying  a  pen  or  pencil 
round  by  the  thread,  keeping  it 
always  stretched,  and  its  point 
will  trace  out  the  ellipse,  as  is  evi- 
dent from  the  property  above 
stated. 

3.  If  a  tangent  be  drawn  to  any 
point  in  an  ellipse,  and  two  lines 
drawn  from  the  two  foci  to  the 
point  of  contact,  these  two  lines 
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will    i'orni   equal  angles  with  the 
tangent. 

U  is  thin  property  that  {riveathe 
iiaiiie  foci  to  these  two  points,  tor 
a.s  opticians  find  that  the  angle  of 
incidence  is  equal  to  the  angle  of 
rertection ;  it  follows  from  the 
above  property,  that  rays  of  light 
issuing  from  the  one  fQCus,  and 
meeting  the  curve  in  every  point, 
will  be  reflected  back  int«i  the 
other  focus,  and  hence  these 
uoints  are  denoiuinated  foci,  or 
burning  points, 

4.  If  there  be  any  number  of 
ellipses  described  on  the  same 
transverse  axis,  and  any  ordinate 
be  drawn  so  as  to  meet  all  those 
ellipses,  the  tangents  to  the  several 
ellipses  at  those  points  will  all  ter- 
ininate  in  one  common  point  in  the 
prolongment  of  the  transverse  axis. 

And  as  this  is  neoessariljr  true 
when  the  ellipse  becomes  a  circle, 
we  have  hence  an  easy  method  of 
drawing  a  tangent  to  any  point  in 
an  ellipse,  namely,  describe  a  se- 
mi'circle  upon  the  transverse,  pro- 
duce  the  ordinate  till  it  meet  this 
circle,  from  the  point  of  contact 
draw  a  radius,  and  a  perpendicu- 
lar to  it  at  the  point  of  contact, 
will  cut  the  trusverse  produced 
in  the  sabtangent. 

5.  The  ordinate  in  the  circle  is 
to  the  ordinate  of  the  elli|)se,  as 
the  transverse  axis  of  the  ellipse 
is  to  its  conjugate  axis.  And  if  a 
circle  were  described  on  the  con- 
jugate axis,  and  an  ordmate  drawn 
as  before,  then  the  ordinate  of  the 
circle  would  be  to  the  correspond- 
ing ordinate  in  the  ejlipse,  us  the 
conjugate  axis  of  the  ellipse  is  to 
its  transverse*  And  hence  it  fol- 
lows, that  the  area  of  any  ellipse  is 
a  mean  proportional  between  the 
area  of  the  circles  described  on 
its  two  axes. 

a.  Every  parallelogram  circum- 
scribed about  an  ellipse,  at  the  ex- 
treniities  of  any  pair  of  iis  conju- 
gate diameters,  is  equal  to  the  rec- 
tangle of  its  two  axes. 

7.  The  sum  of  the  squares  of  any 
pair  of  conjugate  diameters  is  al- 
ways equal  to  the  sum  of  the 
s<iuares  of  the  two  axes  of  the 
ellipse. 

Area  of  an  fi/«j«c.— Multiply  the 
two  axrH  logcllicr,  and  that  pro- 
1(M 


duct  again  by  *7854,  which  will 
be  the  area  required. 

Area  of  an  Ulliptic  Segment.^ 
Find  the  area  of  the  correspond- 
ing circular  segment,  described  on 
the  same  axis  to  which  the  rutting 
line  or  base  of  the  segment  is  per- 
pendicular. 

Then  as  this  axis  is  to  the  other 
axis,  so  is  the  circular  aegment  to 
thpt  of  the  ellipse. 

ELLIPTIC  Arc,  is  any  part  of 
the  periphery  of  an  ellifMe,  the 
length  ot  which  is  found  as  follows : 

Let  t  represent  the  semi-trans- 
verse, and  c  the  semi-conjngate 
axis  of  any  ellipse,  x  the  distance 
of  the  ordinate  from  the  centre, 
then  the  arc  bounded  by  ttie  ordi- 
nate and  parallel  temi-axb  will 
be, 

1.  Ellip.  arc 


=  2 


make 


jts-fftc.  I 


r« 


2.  Arc  =        s  y/ 

3.  Arc  =  l  J?  y/ 


=  g;  then 


0+ 


:>j 


4.  Arc  = 


15pC-KI9C-gly)y 
15/vC  +  (  qC  —  Hp)jf 

X  nearly. 

C  being  the  whole  axis,  where  the 
arc  begins,  and  f,  x,  and  f  the 
corresponding  parameter,  absciss, 
and  ordinate. 

Elliptic  Spindle,  is  the  solid 
generated  by  the  revolution  of  any 
segment  of  an  ellipse  about  its 
chord  ;  the  solidity  of  which  may 
be  found  by  the  following  formu- 
lae :  Put  the  perpendicular  axe  of 
the  ellipse  =  a,  the  parallel  axe 
=  6  ;  length  of  the  spindle  =zi;  dis- 
tance of  the  centre  of  spindle  and 
ellipse =0/  and  area  of.  generate 
ing  segment  =  A ;  then, 
1.  Solidity  =  l'«7078  x 
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,  .  •  .s={lX*78S4 

'3A 


where  D  is  tbe  greatest  diameter 
of  the  spindle. 

ELLIPncmr  of  the  Terreftriat 
Spheroid,  is  the  difference  between 
the  m^jor  and  the  minor  semiaxes; 
it  is  generally  .expressed  in  terms 
of  the  former,  that  is,  of  the  ra* 
dins  of  the  equator. 

£  L  O  N  6  A  T 1 0  N,  in  ilffronomy , 
the  angle  under  which  a  planet 
would  appear  from  the  sun,  when 
reduced  to  the  ecliptic;  or  it 
is  the  angle  formed  by  two  lines 
drawn  from  the  earth  to  the  sun  and 
planet,  when  reduced  as  above.' 

The  greatest  elongation  is  the 
greatest  distance  to  which  the  pla- 
nets  recede  from  the  sun ;  which, 
however,  only  relates  to  the  infe- 
rior planets  Mercur]^  and  Venus. 
The  greatest  elongation  of  Venus, 
is  from  44*  577  to  4r>  48^,  and  thai 
of  Mercury  from  ir  36/  to  88°  90/. 
EPACTS,  in  Chronologift  the  ex* 
cesses  of  the  solar  month  above 
the  lunar  synodical  month,  and  of 
the  solar  year  above  the  lunar 
year  of  twelve  synodical  months. 
Epacts,  Atmual,  are  the  ex- 
cesses of  the  solar  year  above 
Innar. 

As  the  new  moons  are  the  same, 
that  is,  as  they  fall  on  the  same 
day  every  19  years,  so  the  differ- 
ence between  the  lunar  and  solar 
years  is  llie  same  every  19  years. 
And  becaose  the  said  difference  is 
always  to  be  added  to  the  lunar 
year  in  order  to  adjust  or  make  it 
equal  to  the  solar  year ;  therefore, 
the  said  difference  respectively  be- 
longing to  each  year  of  the  moon's 
circle  is  called  the  epaet  of  the 
said  yeai\  that  is,  the  number  to 
be  added  to  the  same  year,  to 
make  it  equal  to  the  solar  year. 

RuU  for  finding  the  Ch'egorian 
JEpact,—SahLftiCt  i  from  the  gold- 
en number,  multiply  the  remain- 
der by  11,  and  reject  the  30's. 
This  rule  wilt  serve  till  the  year 
1000  ;  but  after  that  year  the  Gre- 
gorian Epact  will  be  found  by  this 
rule :  di^ride  the  centuries  of  the 
given  year  by  4,  multiply  the  re- 


mainder by  17  }.then  to  this  pro- 
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doct  add  43  tiroes  the  quotient,  and 
also  the  number  80,  and  divide 
the  whole  sum  by  25,  reserving 
the  quotient:  next  multiply  the 
golden  number  by  11,  and  from 
the  product  subtract  the  reserved 
quotient,  so  shall  the  remainder, 
after  rejecting  all  (he  30's  contain- 
ed  in  it,  be  the  epact  sought. 

EPHEMBRIDES,  in  Astronomy, 
tables  calculated  by  astronomers, 
showing  the  present  state  of  th« 
heavens  for  every  day  at  noon  $ 
that  is,  the  places  wherein  all  iho 
planets  are  found  at  that  time.  It 
is  from  these  tables  that  the. 
eclipses,  conjunctions,  and  aspects 
of  the  planets  are  determined ; 
horoscopes,  or  celestial  scheme* 
constructed,  &c. 

EPI  CYCLOID,  acnrve  gene- 
rated by  a  point  in  one  circle, 
which  revolves  about  another  cir- 
cle, either  on  the  convacity  or  con- 
vexity of  its  circumference. 

EriCTCLOiDs,  are  distinguished 
into  exterior  and  interior, 

EricTCLOiDS,  JErterior.  are  those 
which  are  formed  by  the  revolu- 
tion of  the  generating  circle,  about 
the  convex  circomMrence,  of  the 
quiescent  circle. 

Epicycloids, /n/crior,  are  thqse 
that  are  formed  when  the  gene- 
rating circle  revolves  o|i  concave 
eircumference. 

To  these  curves  belong  several 
curious  properties,  of  which  we 
shall  only  mention  a  few  of  the 
most  remarkable. 

1.  If  the  generating  and  eqnies- 
cent  circle  have  to  each  other  any 
commensurable  ratio,  then  is  the 
epicycloid  both  rectifiable  and 
quadrable,  although  the  area  of 
the  common  cycloid,  which  is  so 
much  more  simple  in  appearance, 
can  never  be  completely  obtained* 

9.  If  the  generating  and  quies- 
cent circle  are  incommensurable 
with  each  other,  then  the  area  of 
the  epicycloid  cannot  be  found, 
but  it  is  still  in  this  case  also  recti- 
fiable. 

3.  If  in  the  interior  epicycloid 
the  diameter  of  the  generant  is 
equal  to  the  radius  of  the  quies- 
cent circle,  the  curve  becomes  a 
right  line,  equal  and  coincident 


,  with  tl|e  diameter  of  the  latter* 
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A>  tlic  Kiiil-illMncicr  arihf  qui 


T<i  ilielMiflhofcpisj'tloldal  are 
ncnnnwd  by  tbe  point  vhlch 
tnnrbed  iIm  qiiioccni  -*—'- 
■t  Uig  bCflnning  orinnlln 


iKith  'for  l£c'Ml^™r  and  fntcrini 

Itiin,  Ih*  arts  ..(  a  eyckiM  ur  e^ 
cjci.XJ,  eliher  jjrimary,  dr  eot 


lilt  Hin^ dofllilc  llic  ■clnctly  a< 
ilic  ciuLre  ud  vclDCiCy  of  Ihe  cii- 


Sil«CEnt  parabola;  lbs  venex  of 
t  nvDlvini  parabola  will  alia 
'  K[lbtil]cctuoMofDiocl«*,Bri 

nc  D(Newuui'iderHU*c  hyptr 
lu,  faavini  a  doable  pn4at  in 
•  like  poinl  of  (be   qakwrni 

IjiH  revolve  upon  anotber  el 
M  cqaaland  liaillar  to  ll,  in 
:ui  will  dtKilbe  a  elrtlc,  wbnH 
ntre  tain  Ihe  other  facB>,and 

.,  the  aata  t>r  Iha  elllpw'and 
any  niher  pi^nl  In  (he  plHM  uf  Iki 
eiripw  olM  devrlbe  a  line  ot  Ike 


of  Ihe 


11  for  one  of  Ibe  foci  will  di 

•ill  be  ilie  pri^pa"  a 
ivberbola  I  and  aoT  i>lh 
Ihe  htntrlwla  will  detcrlbe  a  lla* 
or  ii>e  fourth  order. 
ErOCH.DT  Brooi,  a  tena  nr 
icd  p»inl  of  Ume,  fnmi  whence 

ed  or  reckoned.  The  word  il  fimi 


ililefly  Hie  Lhe  epoch  of  Ihe  hatU 
'lly  or  liiearnatloB  of  ]««  Chrtal) 
he  Hahonetam,  thatafiiw  He- 
eirag  the  Jewi,  that  of  tiMcna- 
ikm  sf  the  uTorld,  or  ofthe  de> 
■at*  I  Ihe  ancient  Ureeka  m*i 
tbat  of  lhe  OlynniBdii  the  Ro- 
nn^  that  of  tlia  building  of  their 
ity ;  the  encieiil  Penlani  and  As- 

EQUABLY    acaUratti    or  fff- 


desreei.  in  .;qn 
EQUAL,  a  I. 


E  Q  U E  Q  U 


Min«  thing  ar«  alMi  «i|u.al  tu  each 
other.  And  again,  if  lu  or  from 
equals  you  add  or  subtract  eqauls, 
the  sum  or  remainder  will  be  equal. 

Equal  AitUudeSf  in  Practical 
Astronomff,  one  of  ibe  most  prac- 
ticable and  certain  methods  of 
determining  the  time,  and  thus  as- 
certalning  the  error  of  a  clock  or 
chronometer,  is  by  observing 
equal  altitudes  of  the  sun  or  of  a 
fixed  star.  For  this  purpose,  all 
that  is  necessary  is  to  observe  the 
instant  the  sun  or  star  is  at  any 
altitude  towards  the  east,  before 
the  meridian  passage ;  and  the 
instant  must  likewise  be  marked 
vhen  the  same  object  attains  exact- 
ly the  same  altitude  towards  the 
west,  after  the  meridian  passage ; 
the  mean  between  the  above 
quantities  will  be  the  instant 
marked  by  the  clock  at  the  mo- 
nient  the  sun  or  star  wad  on  the 
meridian.  The  preceding  opera- 
tion, however,  supp«>se8  that  the 
declination  of  the  object  has  not 
varied  dating  the  eUpsed  inter* 
val,  but  this  with  the  sun  seldom 
happens.  The  observation  mnst, 
therefore,  be  corrected  by  a  table, 
or  by  a  direct  calculation. 

Equal  Angles,  are  those  whose 
containing  lines  are  inclined  alike 
to  each  other,  or  which  are  niea- 
suied  by  Kiniilar  arcs  of  circles. 

Equal  Arithmetical  Ratios,  are 
thobe  wherein  the  dilference  of 
the  two  less  terms  is  equal  to  the 
difference  of  the  two  greater. 

Equal  Curvatures,  are  such  an 
have  the  same  or  equal  radii  of 
curvature. 

Equ4L  Figures,  are  those  whose 
areas  are  equal,  whether  the  fi- 
gures be  similar  or  not. 

Equal  Geometrical  Ratios,  are 
those  whose  least  terms  are  .vimi* 
lar  aliquot  or  aliquant  parts  of  the 
greater. 

Equal  Solids  are  those  whose 
capacities  are  equal. 

EQUALITY,  in  Algebra,  is  a 
comparison  of  two  quantities 
which  aie  in  effect  equal,  though 
diil'erently  expressed  or  represeni- 
c«l. 

Equality  is  usually  denoted   by 
twt»    parallel    lines,  as  =;    thus 
4  -}-  4  =r  8  ;  that  is,  4  added  to  4  is 
equal  to  8. 
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Equality,  Double,  in  the  Vio 
phantine  Analysis,  is  when  we 
have  two  formulae  containing  the 
same  unknown  quantity  or  quan- 
tities, each  of  which  is  to  be  made 
equal  to  a  perfect  power. 

Equality,  Triple,  is  when  there 
are  three  fonnulie  of  the  same 
kind  as  above  to  l)e  made  perfect 
powers. 

Equality.  Ratio,  is  the  ratio  of 
two  equal  qiiajitities. 

EQUATION,  mA^g^tra,  is  any 
expression  in  which  two  quanti- 
ties differently  represented  are 
put  equal  to  each  other,  by  the 
sign  =  placed  between  them. 

A  Literal  Equation,  is  that  in 
which  all  the  quantities,  both 
known  and  unknown,  are  ex- 
pressed by  letters. 

A  Numeral  Equation,  is  that 
in  which  the  co-efficieTits  of  tlie 
unknown  quantity  and  absolute 
terms  are  given  numbers. 

ASimvle  Equation,  is  that  in 
which  tne  unknown  qnantity  en- 
ters only  in  the  first  degree;  or, 
which  contains  only  one  p<jwer  of 
the  unknown  quantity. 

An  Afffected  Equation  is  that 
which  contains  two  or  more  pow- 
ers of  the  unknown  quantity  It 
is  called  a  Quadratic,  a  Cwic,  a 
Biquadratic,  &c.,  according  to  the 
highest  power  of  the  unknown 
quantity. 

Binomial  Equations,  are  such 
as  have  only  two  teims. 

Determinate  Equations,  are 
tho&e  equations  in  which  only  one 
unknown  quantity  enters ;  or  if 
more  than  one  enter,  there  are 
always  given  as  many  indepen- 
dent equations  as  there  are  un- 
known quantities. 

JndeteTfninote  Equations,  ara' 
those  equations  in  which  there 
are  more  unknown  quantities  than 
there  are  independent  equations. 

Reciprocal  Equations,  are  those 
in  which  the  co-efiicients  of  each 
pair  of  terms,  equally  distant  from 
the  extremes,  are  equal  to  each 
other. 

Exponential  Equations,  are 
those  in  which  the  exponent  or  in- 
dex of  the  power  is  unknown. 

Roots  of  an  £quai  ion,  are  those 
numbers  or  qnaniiiies  which,  w  hen 
substituted  lor  the  unknown  quan* 
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tity,  vill  make  the  whole  expres- 
kiuii  become  eqaal  to  0. 

The  roots  of  an  equation  are 
Positive,  when  they  have  a  posi* 
tive  siffii  prefixed  ur  understood  ; 
Negative,  when  they  have  a  nega- 
tive sign  prefixed  to  them ;  Reai, 
when  ttiey  are  expressed  by  any 
real  or  possible  qaantity ;  and 
Imaginary,  when  any  imaginary 
quantity  enters,  as  a  ^  >/  —  b ; 
whicli  is  imaginary,  or  imposaible, 
because  a  negative  qaantity  has 
no  square  root. 

Every  equation  has  as  many 
roots,  real  and  imaginary,  as  there 
are  units  in  the  exponent  of  the 
highest  power  of  the  unknown 
quantity. 

If  one  of  the  imaginary  roots  of 
an  equation  be  a  +  v^ —  o,  another 
of  its  roots  will  be  a —  v'—  6. 
Hence  it  follows,  that  the  number 
of  imaginary  roots  in  any  equation 
is  always  even ;  or,  which  is  the 
same,  they  always  enter  in  pairs ; 
therefore  in  an  equation  of  odd  di- 
mensions, that  is,  when  the  high- 
est power  of  the  unknown  quantity 
is  an  odd  number,  there  being  an 
odd  number  of  roots,  one  of  them 
must  necessarily  be  real ;  whereas 
in  an  equation  of  even  dimensions, 
all  its  roots  may  be  imaguiary. 

The  co-eflicient  of  the  second 
term  is  equal  to  the  sum  of  all  the 
roots,  having  their  signs  changed ; 
the  co-efficient  of  the  third  term  is 
equal  to  the  sum  of  the  product  of 
every  two  roots;  the  co-efficient 
of  the  fourth  term  in  equal  to  the 
product  of  every  three,  with  their 
signs  changed ;  and  so  on. 

Reduction  of  Equations,  is  of 
two  kinds  ;  viz.  tirst,  the  reduction 
of  them  from  a  higher  to  a  lower 
dimension  ;  and  second,  the  reduc- 
tion of  them  to  some  particular 
form,  to  prepare  them  for  solution. 
The  former  of  these  casest  is  more 
commonly  called  the  Depression 
oi  Equations ;  and  the  latter  usu- 
ally consists  in  exterminating  the 
second  term  of  the  equation,  this 
being  the  most  eligible  form  for 
solution. 

Solution  of  Equations,   is   the 

method    of   finding    their    roots; 

which,  however,  can  only  be  done 

in  a  direct  manner,  for  the  first 

four  degrees,  viz.  in  Simple,  Quad-  \ 
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j  ratic.  Cubic,  and  Biquadratte  Btwm- 
tions  ;  and  the  several  methods  of 
procedure,  in,  each  of  these,  is 

fiven  under  therespective  articles- 
Iq  nations  that  exceed  the  foorth 
degree  cannot  be  solved  by  any 
direct  rule  except  in  a  few  partial 
cases,  in  which  there  are  certain 
relations  either  between  the  roots 
or  co-efficients.  We  have,  there 
fore,  no  means  of  obtaining  the 
roots  in  those  cases,  but  by  approxi- 
mation. 

Equations  in  the  Differential 
and  Integral  Calculus,  are  of  dif* 
ferent  denominations ;  as  Differeth 
tial  Equations,  Equation  of  FlniU 
Differences,  Equations  of  PartUd 
Differences,  &c. 

Differential  Equation,  is  that 
which  contains  in  it  certain  differ<* 
ential  quantities;  and  it  is  said  to 
be  of  the  first,  second,  tliird,  &c« 
order,  according  as  it  involves  the 
first,  second,  third,  &c.  differea* 
Ual. 

Equation  of  tinUe  Differences^ 
in  the  TlieorjfQi  Finite  Differences 
or  IncremeiUs.  is  that  into  which 
the  finite  differences  of  the  vari- 
able quantities  of  any  function 
enter. 

Equation  o{  Partial  D^fferemees, 
is  that  which  has  place  between 
the  difterential  of  any  function 
and  the  diflferentials  of  the  vari- 
ables on  which  it  depends,  com. 
bined  with  the  variables  them 
selves,  and  with  or  without  cea- 
stant  quaiitiiies. 

Equation  of  a  Curtfe,  in  Anafy' 
sis,  is  an  equation  showing  the  na- 
ture of  a  curve,  by  expressing  the 
relation  between  any  absciss  and 
its  corresponding  ordinate,  or  the 
relation  of  their  fluxions,  &c. 

Equation  of  Payments,  in  ArUk- 
metic,  is  the  finding  the  time  to 
pay  at  once  several  debts  due  at 
diuerent  times,  and  bearing  no  in* 
terest  till  after  the  time  of  |ny< 
ment,  so  that  no  lu<w  shall  be  sus- 
tained by  either  party. 

The  rule  commonly  given  for 
this  purpose  is  as  follows:  Moltik 
ply  each  sum  by  the  time  at  which 
11  is  due;  then  divide  the  sum  of 
the  products  by  the  sum  of  the 
payments,  and  the  quotient  wiU 
be  the  time  required. 
The  true  equated  time  for  two 
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MyBMBto  it  cmpAeiMd  by  the  £d1- 
lowing  formula : 

Let  p  and  ff  be  sums  due,  at.  the 
end  oi  the  time#,  n/,  reapectively; 
let  also  r  represent  the  rate  of  ui< 
tereat,  and  x  the  required  time  of 
payment  oi  the  whole. 


Make 


yr(»-f  nO+y+j»_ 


P^. 


=  a 


and 


then. 


prnn'  +  pi  nf  -\-  pn   ^ 


yr 


=  b 


a±y/(al»  —  4b)   _ 


=:  Xm  the 


true  equated  time* 

This  formula  is  founded  on  the 
principle  of  allowing  only  simple 
iiilerest.  If  compound  interest  be 
allowed  it  u  more  simple,  being 
as  follows: 

Let  a  represent  the  sum  of  the 
several  debts,  and  6  the  sum  of 
their  present  values,  computed  as  in 
the  case  of  compound  interest ;  also 
r  the  interest  on  1^  for  a  year, 
and  a:  the  equaled  time  required ; 
then 

log.  a  —  log.  6 

*""    log.  (l  +  r) 

EQVATioif,  in  Astrtmomy,  is  a 
term  used -to  express  the  correction 
or  quantity  to  be  added  to,  or  sub- 
tracted from,  the  mean  position  of 
a  heavenly  body,  to  obtain  the 
true  position ;  it  idso,  in  a  more 
general  sense,  implies  the  correc- 
tion arising  from  any  erroneous 
supposition  whatever. 

Equation  to  Corresponding  Alti- 
tudes, is  a  correction  which  must 
ha  applied  to  the  apparent  time  of 
noon  (found  by  means  of  the  time 
elapsed  between  the  instants  when 
the  sun  had  equal  altitudes,  both 
before  and  after  noon,)  in  order  to 
ascertain  the  trae  time. 

Equation  of  the  Centre,  is  the 
difference  between  the  true  and 
mean  place  of  a  planet,  or  the  an. 
gles  miade  by  the  true  and  mean 
^ace ;  or,  which  amounts  to  the 
lame,  between  the  mean  and  equa- 
ted anomaly. 

The  greaust  equation  of  the 
sun's  centre  may  be  obtained  by 
finding  the  sun's  longitude,  at  the 
times  wl&en  he  is  near  his  mean 
distanees,  for  then  tlie  difference 
will  give  the  true  motion  for  that 
iiit«#val  •£  time;  next  find  the 


son's  mean  motion  for  the  same  In* 
terval  of  time ;  then  half  the  dif- 
ference  between  the  true  and  mean 
motions  will  show  the  greatest 
equation  of  the  centre. 

When  the  mean  anomaly  and 
eccentricity  of  an  orbit  are  given, 
the  ^uaiion  of  the  centre  may  be 
readily  obtained  by  the  following 
rule,  as  radius  to  the  cosine  of  the 
given  anomaly,  so  is  five-fourths 
of  the  eccentricity  of  the  orbit  to 
a  fourth  number ;  which  number 
add  to  half  the  greater  axis,  if  the 
anomaly  be  less  than  90"*  or  more 
than  270",  otherwise  subtract  Irom 
the  same.  Then  say,  as  the  sum 
or  remainder  is  to  double  the  ec- 
centricity, so  is  the  logarithmic 
sine  of  the  giveu  anomaly  to  the 
sine  of  a  first  arch,  from  three 
times  which  sine  subtract  double 
radius,  the  remainder  will  be  the 
sine  of  a  second  arch,  whose  one- 
third  part,  taken  from  the  former, 
leaves  the  equation  sought. 

Equation  of  7%n«,  in  Astronomy/, 
denotes  the  difference  between 
mean  and  apparent  time,  or  the 
reduction  of  the  apparent  unequal 
lime,  or  motion  of  the  sun  or  a 
planet,  to  equable  and  mean  time, 
or  motion. 

The  equation  of  time  is  calcula- 
ted by  tracing  out  the  effects  of 
three  combined  causes;  the  obli- 
quity of  the  ecliptic,  the  sun's  un- 
equal   apparent   motion    therein, 
and  the  precession  of  the  equinoc- 
tial points.    Ill  consequence  of  the 
first  of  these,  in  the  first  and  third 
quadrants    of    the    ecliptic    from 
Aries ;  that  is,  between  Aries  and 
Cancer,  and  between    Libra  and 
Capricorn,    the     right    ascension 
being  less  than  the  mean  longitude, 
the  point  of  right  ascension   is  to 
the  west,  and  therefore  ti>e  appa- 
rent noon  precedes  the  mean  noon ; 
but  in  the  second  and  fourth  qua- 
drants, namely,  between  Cancer 
aiid  Libra,  or  Capriconi  and  Aries, 
the  right  ascension  being  greater 
than  the  longitude,  or  the  mean 
motion  taken  in  the  equator,  the 
mean  noon  is  westward,  and  there- 
fore precedes  the  apparent  noon. 

The  mean  and  apparent  solar 
days  are  never  equal,  except  when 
the  sun's  daily  motion  in  right  as* 
ecusion  is  M'  8'' ;  this  is  nearly  th* 
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casv  ubiitit  April  15,  Jnne  15,  Sep- 
trnititr  1,  niid  Deceiitlier  !M :  on 
ttieke  (iaysilierciuatioH  is  iiuihing, 
(»r  neHily  so;  il  is  at  the  ^reuiest 
aiHHil  November  1,  wlieu  it  is  lO' 
14". 

EQUATOR,  in  Astronomy,  is  a 
great  ciiuie  of  the  Kpliere,  equally 
distant  t'roni  tlie  two  poles.  It  is 
called  the  equator,  because  when 
the  sun  is  in  this  circle  the  duys 
and  nights  are  equul  in  all  pans  ot 
the  world.  Whence  also  it  is  called 
Equinoctial;  and  when  drawn 
on  maps  and  planispheres,  it  is 
called  the  Equinoctial  Line,  or 
sun  pi  V  the  lAne. 

Eg  b  A 10 II I A  L,  Universal,  or 
Portable  Observatory,  is  an  instru- 
mtfiit  intended  to  answer  a  number 
of  useful  pur(>OM-s  in  practical  as- 
troiioniy,  independent  of  any  par- 
ticular observatory.  It  may  be 
employed  in  any  steady  room  or 
place,  and  it  performs  most  of  the 
useful  problems  in  the  science. 
(Setf  Plate  III.  fig.  5.) 

Tl'.e  principal  parts  of  tliis  instru- 
ment are,  1.  The  azimuth  or  hori- 
zontal circle  EF,  which  represents 
the  horizon  of  the  place,  and 
moves  on  a  long  axis  called  the 
vertical  axi^.  2.  The  equatorial, 
or  hour-circle,  MN  representing 
the  equator,  placed  at  right  angles 
to  the  |H>lar  axis,  or  the  axis  of 
the  earth  upon  which  it  moves. 
3.  The  semi-circle  of  declination 
D,oM  which  the  telescope  is  pliiced, 
and  moving  on  the  axis  of  declina- 
tion, or  the  axis  of  motion  of  the 
line  of  coUimation. 

The  peculiar  uses  of  this  equato- 
rial are,  1.  To  find  the  n:eridian 
by  one  observation  only.  For  this 
purpose,  elevate  the  equatorial 
circle  to  the  co-latitude  of  the 
place,  and  set  the  declination-semi- 
circle to  the  sun's  declination  for 
the  day  and  hour  of  the  day  re- 
quired ;  then  move  the  azimuth 
and  hour-circles  both  at  the  same 
time,  eithf-r  in  the  same  or  con- 
trary direction,  till  you  bring  the 
centre  of  the  cross  hairs  in  the  te- 
lescope exactly  to  cover  the  cen- 
tre of  the  sun  ;  when  that  is  done, 
the  iiiiUx  of  the  houi-circle  will 
give  the  apparent  or  solar  time  at 
the  instant  of  ob!>ervatiou ;  and 
thus  the  time  is  gained,  though 
liO 


the  sun  be  at  a  dlKtaiice  from  iIm 
meiidiaii)  then  turn  the  honi-ciicU 
till  the  index  ]M>intH  precisielyil 
twelve  o'clock,  and  lower  the  Ul^ 
scope  to  the  hoiiztm,  in  (inter  la 
oliserve  M»nie  |Miint  there  in  tlie 
centre  of  the  glnss,  and  that  |Miiut 
is  the  meridian  mark  fouiiu  by 
one  observution  only  ;  the  hf< 
time  for  this  operation  is  tbite 
hours  before  or  three  hourft  aiW 
twelve  at  noon. 

2.  To  point  the  telescope  <>n  i 
star,  though  not  on  the  meridiiB, 
in  full  day-light.  Having  elevated 
the  equatorial  circle  to  the  roliu 
tude  of  the  place,  and  set  the  de- 
clination-semicircle to  the  sUi^ 
declination,  move  the  index  of  ilw 
hour-circle  till  it  shall  point tothe 
precise  time  at  which  the'  star  h 
then  distant  fioiii  the  nieridisu, 
found  in  tables  of  the  right  aiceo- 
sion  of  the  stars,  and  the  star  viU 
then  appear  in  the  glass.  Bestdef 
these  uses  peculiar  to  tliis  imlrn- 
ineni,  it  is  aUo  applicable  to  all 
the  purposes  to  which  the  prisci- 
pal  aslroiiomicHl  instruiuents,  vis. 
a  transit,  a  quadrant,  and  an  rqul 
altitude  instrument,  are  applied. 

EQUIANGULAR,  figures  wImm 
angles  are  all  equal ;  such  are  the 
square,  and  all  regular  tigurefc 
All  equilateral  triangles  aie  al*i 
equiHiigular. 

An  equilateial  figure,  inMrrihcd 
in  a  circle,  is  always  equiani>uli«r-, 
but  an  equianj;ulai  figure,  niM-'ub- 
ed  in  a  circle,  is  not  alwu}»  t,4)Ub 
lateral,  except  when  ii  has  an  Ou4 
number  of  sides.  If  the  namUi 
of  the  sides  be  even,  then  ibey 
may  be  either  all  equal,  or  cbt 
half  of  them  will  always  be  eooa- 
to  each  other,  and  the  other  naif 
to  each  other;  the  equals  Leisf 
placed  alternately.  \ 

EguiaNOULAR,  is  also  applied 
to  any  two  figures  of  Uie  saaic 
kind,  when  each  angle  of  theosc 
is  equal  to  a  corresponding  angle 
in  the  other,  whether  each  figate, 
separately  considered,  be  aneqn^ 
angular  figure  or  not. 

Equidistant  OrdinateM, MItlkd 
of,  is  an  approxiuiatioii  tiiwardi 
the  area  of  a  figure  bounded  by* 
right  line  and  curve.  Dr.  HnCtoBt 
in  his  "  Mensuration,"  gives  Uw 
lollowing  formula  for  finding  liu 
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area  of  figures  by  this  method. 
Having  meawred  miy  odd  iiuiu- 
Uer,  of  eqnidistjiiit  ordinate*,  put 
the  sum  of  tlie  first  and  la8t=- A, 
the  sam  of  the  second,  fourth, 
sixth,  &c.  =  B,  the  »um  of  all  the 
<Mher«  =  C,  i^nri  the  common  dis- 
tance of  the  ordinates  =  P;  then 

3 
EQCiLlBRIUM  {to poise,) Equi 
m0sed.  III  Mechanics,  nieans  an 
equality  ol  forces  actiug  in  oppo- 
site diiectioiis,  whereby  the  body 
acird  upon  remains  at  rest,  or  iu 
equilibrio;  in  which  &Ute  the  least 
additional  force  being  applied,  on 
cither  side,  motion  will  ensue. 

A  body  ill  motion  is  also  said  to 
be  in  equilibrio  when  the  power 
prodacing  the  motion,  and  the 
iurce  whereby  it  is  resisted,  are 
so  adjusted  that  the  uiotiun  may 
be  ifniform. 

EQUIMULTIPLES,  the  products 
ariMng  from  the  rouHiplicaticm  ot 
any  two  or  more  piiniiiive  quan- 
tities, by  the  same  number  or 
quantity.  Equimultiples  of  any 
quantities  have  the  same  ratio  a!> 
the  quantities  themselves. 

EQUINOCTIAL,  in  Astronomy, 
a  great  circle  of  the  sphere,  under 
wiiich  the  equator  moves  in  its  di- 
urnal motion. 

Equinoctial  Points,  are  the 
two  iHiints  wherein  the  equator 
and  ecliptic  intersect  each  other : 
the  one,  being  in  the  first  point  of 
Aries,  is  called  the  vernal  point ; 
and  the  other,  in  the  first  point  of 
L^bra,  the  autumnal  point. 

Eratosthkmks  Sieie.  The  name 
given  to  a  contrivance  of  Eratos- 
thenes for  finding  prime  numbers. 
The  method  was  ti>  write  all  the 
nninbers  from   one  to  any  extent, 
and  then  to  begin  at  the  fourth  and 
mark  out  every  second  figure  to 
the    end,  then  beginning   at   the- 
sixth  mark  oat  every  third  figure 
throughout,  then  at  the  tenth  and 
snark  out  every    fifth,   and  so  on 
with  all  the  prime  numbers  under 
the  square  root  of  the  whole  num- 
l»er  pro|M>sed  ;  by  which  means  all 
composite  numbers  were  exclud- 
<k1,  and  consequently  those  which 
remained  were  primes. 

EVAPORATION,     in    Natural 
PkUosojahm,  is  the  conversion  of 
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water  into  vapour,  which,  in  con 
sequence  of  its  becoming  lighter 
than  the  atmosphere,  is  earned 
considerably  above  the  earth's  sur- 
face ;  and  afterwards  by  a  partial 
condensation  forms  clouds,  and 
finally  descends  in  rain. 

As  a  very  considerable   propor- 
tion of  the  earth's  surface  is  cover- 
ed with  water,  and  as  this  water 
is  consUntly  evaporating  and  mix- 
ing with    the  atmosphere    in  the 
state  of  vapour,  a  precise    deter 
mination  ot  the  rate  of  evapora- 
tion  must   be  of  very  great   im- 
portance in  meteoroh'gy*  Accord- 
ingly,   many    experiments    have 
been  made  u>  detennine  the  point 
by  different   philosophers.    From 
these  we  learn  that,    1.  The  eva- 
poration is  confined  entirely  to  the 
surface  of  the  water :  hence  it  is 
in  all  cases  proportional  to  the  sur- 
face of  the  water  exposed  to  the 
aunosphere.    Much  more  vapour 
of  course  rises  in   maritime  coun- 
tries, or  those  interspersed  with 
lakes,  than   in   inland    countries. 
2.  Much  more  vapour  rises  during 
hot    weather   than    during  cold: 
hence    the    quantity    evaporated 
depends   in   some    measure   uiion 
temperature.      The    precise    law 
has     been      discovered     by    Mr. 
Dalton,  who  says,  in  general,  the 
quantity  evaporated  from  a  given 
surface  of  water  per  minute,  at  any 
temjieratnre,    is    to  the  quantity 
evaporated  from  the  same  surface 
at  212°,  as  the  force  of  vapour  at 
the  first  temperature  is  to  the  force 
of  vapour  at  21S**.   3.  The  quantity 
of  vapour  which  rises  from  water, 
even  when  the  temperature  is  the 
same,    varies    according    to    cir- 
cumstances.   It  is  least  of  all   in 
calm   weather,   greater     when    a 
breeze  blows,  and  greatest  of  all 
with  a  strong  wind. 

EVECTION,  the  most  consider- 
able of  the  lunar  irregularities, 
cansed  by  the  action  of  the  sun 
upon  the  mo<m ;  its  general  and 
constant  effect  is  to  diminish  tlie 
equation  of  the  centre  in  syzigies, 
and  to  increase  it  in  the  quadra- 
lure,  to  take  place  in  the  eccentri- 
city of  the  lunur  orbit,  and  at  the 
same  tinie  a  motion  in  the  apogee* 
EVOLUTE,  a  curve  formed  by 
the  end  of  athiead  unwound <Tm\\ 
another  carve,  lUe  vadium joi  cut- 
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vatare  of  which  is  constantly  en- 
creasing.  The  evolate  of  the  cy- 
cloid is  another  equal  cj'cloid, 
which  property  was  Arst  discover- 
ed  by  tiuygeiis,  who  by  this  means 
contrived  to  make  a  pendulum  vi- 
brate in  an  arc  of  cycloid,  by 
placing  it  between  two  cycloidal 
cheeks,  and  ilins  rendered  the  vi- 
brations isochronous. 

The  evolute  of  a  spiral,  or  in- 
deed of  any  other  curve,  ma^  be 
described  by  finding  the  radii  of 
curvature  at  several  points  in  the 
involute  ;  for  then  we  shall  have 
as  many  points  in  tlie  evolute, 
through  which  if  a  curve  line  be 
drawn,  it  will  be  tlie  evolute 
sought. 

Evolution,  in  Arithmetic  and 
Algebra,  is  tlie  extraction  of  roots, 
being  thus  opposed  to  involution, 
which  is  the  raising  of  powers. 

EXCHANGE,  in  Arithmetic,  is 
the  reduction  of  different  coins  or 
any  denominations  of  money,  whe- 
ther there  be  real  coins  answering 
to  them  or  not,  from  one  to  ano> 
ther :  or  the  method  of  finding  how 
many  of  one  species,  or  denomi- 
nation, are  equal  in  value  to  a 
given  number  of  another;  in  or- 
der to  which  it  is  necessary  to 
know  the  value  of  the  cHins  and 
moneys  of  account  of  diflferent 
countries,  and  their  proportion  to 
each  other  according  to  the  set- 
tled rate  of  exchange.  The  seve- 
ral operations  in  \his  case  are  only 
different  applications  of  the  rule  of 
three,  which  are  explained  in  Bon- 
nycastle's,  Hutton's,  and  most 
bonks  of  arithmetic. 

Arbitration,  or  Comparison  of 
Exc  H  ANG  K,determines  the  method 
of  remitting  to,  or  drawing  upon, 
foreign  places,  in  such  a  manner  as 
shall  be  most  advantageous  to  the 
merchant. 

Arbitration,  is  either  simple  or 
compound. 

Simple  Arbitration^  respects  three 
places  only.  Here,  by  comparing 
the  par  of  arbitration  between  a 
tirst  and  second  place,and  between 
the  firKt  and  a  third,  the  rate  be- 
tween tile  second  and  third  is  dis- 
covered ;  from  whence  a  person 
can  judge  how  to  remit  or  draw  to 
the  most  advantage,  and  to  deter- 
niine  what  that  advantage  is« 


Comp9und  Ar6ftrvfiMi»  reqpectt 
the  cases  in  which  the  exchanges 
among  three,  ioar,  or  more  places 
are  concerned.  A  person  who 
knows  at  what  rate  he  caii  draw 
or  remit  directly,  and  also  has  ad- 
vice of  the  course  of  exchange  in 
foreign  paits,  may  trace  oat  a  path 
for  circulating  his  money,  through 
more  or  fewer  of  sucii  places,  and 
also  in  such  order,  as  to  make  a 
benefit  of  his  skill  and  credit ;  and 
in  this  lies  the  great  art  uf  aach 
negociations. 

EXHAUSTIONS,  in  Geotmetrf, 
Method  of  exhaustions  is  a  way  of 
proving  the  equality  of  two  mag* 
nitudes,  by  a  reductio  ad  abtw- 
dum,  showing,  tliat  if  one  be  sap* 
posed  either  greater  or  less  thaa 
the  other,  there  will  arise  a  con- 
tradiction. 

EXPANSION,  in  Pk^sics,  is  the 
enlargement  or  Increase  in  the 
bulk  of  bodies,  in  consequence  of 
a  change  in  their  temperatnre. 
This  is  one  of  the  most  general  ef- 
fects of  caloric  being  common  to  all 
bodies  whatever,  whether  solid  or 
fittid.  The  expansion  of  solid  bo- 
dies is  shown  by  the  Ptrohktbi, 
and  the  expansion  of  fluids  by  the 

THBRMOMBTia. 

The  expansion  of  fluids  varies 
very  considerably  ;  bat,  in  gene^ 
ral,  tiie  denser  nie  fluid  the  lea 
the  expansion :  for  instance,  water 
expands  more  than  mercury,  and 
spirits  of  wine  more  than  water; 
and  commonly  the  greater  the  de- 
gree of  heat  the  greater  is  the  ex- 
pansion ;  but  this  is  not  univemd, 
for  there  are  cases  m  which  expan- 
sion is  produced,  not  by  an  in- 
crease, butby  a  diminnticn  of  tem- 
perature. 

Water  furnishes  as  with  theaMMt 
remarkable  instance  of  this  kind. 
Its  maximum  of  density  corres- 
ponds with  4S*.S  of  Fahrenheitli 
thermometer,  as  has  been  latehf 
ascertained  by  Mr.  Dalton.  IfitM 
cooled  down  below  4S*.0,  it  andtfw 
goes  an  expansion  for  CTcnr  de- 
gree of  temperature  which  It  KM 
and  at  32^  the  expansion 
according  to  Mr.  Dalton,  to  .J. 

the  whole  expansion  which  water 
undergoes  when  heated  inm  4ttA 
to31S*. 
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The  prodigkmt  force  with  which  water  expands  Sn  the  act  of  frees- 
Sng  has  been  long  known  to  philosopherK.  Glass  bottles  filled  with 
"Water  are  commonly  broken  in  pieces  when  the  water  freezes.  The 
Florentine  academicians  burst  a  brass  glube  whose  cavity  was  an 
inch  in  diameter,  by  filling  it  with  waier  and  freezing  it.  The  turce 
necessary  for  this  effect  was  calculated  by  Muschenbroek  nt 
SJ.7i£0  His. 

EXPECTATION,  in  the  Doctrine  of  Chances,  is  thefvlilue  of  any 
prospect  of  prize  or  property  depending  upon  the  happening  of 
some  uncertain  event,  the  value  oi  which,  ni  all  cases,  is  equal  to  the 
wliole  sum  ninltiplied  by  the  probability  that  the  event  uu.wliich  it 
depends  may  happen. 

BxPKCTATioK,  in  the  Doctrine  of  lAfe  Annuities,  denotes  that  par- 
ticular number  of  years  which  a  lite  of  a  given  age  has  an  equal 
chance  of  enjoying,  or  the  time  which  a  person  ot  a  given  age  may 
justly  expect  to  live. 

TABLE 
Of  the  Expectations  of  Life  in  London. 


Age. 

Expecta- 
tion. 

Age. 

Expecta. 
tion. 

Age. 

Expectap 
tion. 

Age. 

Expecta- 
tion. 

1 

27*0 

21 

28-3 

41 

19*2 

61 

)2  0 

.      3 

3S*0 

22 

27-7 

42 

18-8 

62 

U6 

3 

34*0 

23 

272 

43 

18*5 

63 

lis 

4 

35*6 

24 

26*6 

44 

181 

64 

10-8 

5 

300 

25 

261 

45 

17-8 

65 

10*5 

6 

360 

26 

25-6 

46 

17'4 

66 

10-1 

7 

35*8 

27 

25-1 

47 

170 

67 

9-«i 

8 

3A-6 

28 

24-6 

48 

16  7 

68 

D'4 

9 

35-2 

29 

24-1 

49 

16*3 

60 

9-1 

10 

34  8 

30 

230 

50 

160 

70 

88 

11 

84'3 

31 

23  1 

51 

15  6 

71 

84 

18 

33-7 

32 

227 

52 

15  2 

72 

81 

.    13 

331 

33 

22-3 

53 

149 

73 

7-8 

14 

32-5 

34 

n» 

54 

14-5 

74 

7-5 

13 

Sl'9 

35 

21.5 

55 

14-2 

75 

7*2 

16 

3I-S 

36 

211 

56 

13-8 

76 

6-8 

.    17 

30  7 

87 

20-7 

57 

134 

77 

«4 

IS 

30-1 

38 

20-3 

58 

131 

78 

60 

19 

29*5 

39 

19-9 

59 

127 

79 

55 

20 

28>9 

40 

19-6 

60 

12-4      1 

80 

50 

From  this  table  the  expectation 
of  life,  at  any  age,  is  found  on  in- 
spection ;  thus,  a  person  of  20  years 
of  age  has  an  expectation  ot  28.9 
vears,and  in  the  same  manner  may 
be  found  the  expectation  at  any 
other  age. 

EXPERIWENTAL  Philosophy, 
that .  system  of  philosophy  which 
is  fnonded  upon  the  results  of  va- 
sioos  experiments ;  which  thus  fur- 
nish certain  data,  that  are  assumed 
p»  the  unalterable  laws  of  nature, 
and  on  which  finally  rest  every 
branch  of  moderq  philosophical 
investieation. 

EXPONENT,  iu  Arithmetic  and 
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Algebra,  is  a  term  used  t(>  denote 
the  number  or  letter  which  ex- 
presses the  degree  «f  the  power,  or 
root,  of  a  quantity ;  thus  2,  3,  n, 
&c.  are  the  exponents  of  2d,  Sd, 

nth,  &c.  powers ;  and  4,  |,  n,    &c. 

the  exponent  of  the  2d,  3d,  nth, 
&c.  root. 

EXPONENHAL  Calculus,\s  the 
method  of  finding  the  Auctions  and 
fluents  of  exponential  quantities. 

Exponential  Curve,  is  a  curve 
which  is  detined  by  means  of  an 
exponential  equation. 

EzpoNKNTiAL  Equation,  is  any 
equation  into  which  an  exiDOUcuvuiX 
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duantiLy  eoters,  at  »*= 6,  «>'=«, 

The  readiest  method  of  solving 
ex|>onentiaI  equation  is  by  means 
of  a  table  of  logarithms ;  thas : 

1.  Let  there  be  proposed  the 
equation  a^=b. 

Taking  the  logarithms  on  both 
sides  we  have 

X  log.  a  =  log.  b,  therefore  x  » 

log«  b 

log.  m 
3.  heia^  =  e,  to  find  the  valoe 
of  X. 
AMome  b*^ff,  then  aP^c,  and 
y  log.  a=  log.  cj  whence  ys 
log«  c 
lug.  a 

Now,  therefore,  b*=d, orx^ 
log,    d 

log.    b 

ExpoNKNriAL    Quantities,   are 
divided  into  different  orders  ; 
thus,»*  is  called  the  first  order, 

avrx  ....  the  second  order; 
and  Ro  on'of  others. 

EXTENSION,  inPhysieSt  is  one 
of  the  general  and  essential  pro- 
perties of  matter,  the  extension  of 
a  body  being  the  quantity  of  space 
which  it  occupies,  the  extremities 
of  which  limit,  or  circumscribe, 
the  body.  It  is  otherwise  called 
the  magnitude  or  size  of  the  body. 
The  word  extension,  however,  is 
commonly  used  to  denote  the  sur- 
face uf  a  body  onl}'  without  regard 
to  its  thickness. 

EXTERIOR  Angle,  that  which 
is  formed  by  producing  the  sides 
of  a  figure. 

The  sum  of  all  the  exterior  an- 
gles of  any  right-lined  plane  figure 
are  equal  to  four  right  angles. 

EXTERMINATION,  is  a   term 


frequently  employed  by  algebni 
ists,  to  denote  any  operaUon  which 
has  for  its  object  the  .takJng  away 
any  term  or  quantity,  oat  of  aa 
equation  or  other  algebroleal  'ex* 
pression  ;  and  is  nearly  the  samt 
as  elimination. 

EXTERNAL  JngUt,  are  those 
formed  without  a  figure,  hy  pn^ 
dncing  its  sides. 

The  external  angle  of  a  triangle  is 
equal  to  the  sam  of  the  two  internal 
angles ;  and  in  any  figore  what> 
ever  the  sdm  of  ail  the  external 
angles  is  equal  to  fonr  right  angles. 

EXTRACTION  of  Roots  is  the  find- 
ing the  roots  of  given  numbers,  or 
algebraical  quantities  or  eqaations. 
ExraACTiON  of  the  itoots  of 
Numbers,  is  to  find  a  nomber 
which,  multiplied  by  itself  a  cer- 
tain number  of  times,  will  produce 
the  given  number. 

Let  N  be  the  given  power  or 
number  whose  root  is  to  be  fomd, 
H  the  index  of  that  power,  r  the 
assumed  root  (which  is  to  be  taken 
as  near  the  true  root  as  possible), 
and  A  its  poweir. 

Then  as  (n  +  l)  A-f  (is-.l)N: 
(«+l)  N  +  (*»-l)  A==r.-  the 
true  root  nearly. 

Oras(«-i-l)  A+  («  — 1)  N:  f 
(A  QQ  K)  =  r.*  the  correction. 
must  be  added  to,  or  subtracted 
from,  the  preceding  asanmed  root, 
according  as  it  is  less  or  greater 
than  the  root  required. 

Then  call  this  new  root  r,  and 
use  it  again  as  a  new  assumed  root^ 
with  which  proceed  as  before,  and 
so  on  till  you  have  obtained  Uie 
correct  result  as  far  as  the  natore 
of  the  case  requires. 

Eyk  Glass,  in  a  telescope  or 
other  ojHical  instrument,  »  Iba 
glass  next  the  eye* 


f; 


'  FACTORS,  or  Multipliers,  in 
Arithmetic  and  Algebra,  are  those 
numbers  or  quantities,  from  the 
multiplication  of  which  other  num. 
bers  or  quantities  are  produced, 
thus: 

7  and  5  are  the  factors  of  35 ; 

3, 7,  and  II,  are  the  factors  of  231. 
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Also  x-f  y  and »— y,  ara  tkclhe- 
tors  ±«— t^,  and  ««-h<y  +  |f|and 
x  —  jff  are  the  factors  of  x*  -—  y*,  fte. 

The  resolation  of  algebraical  for> 
mnlae  into  their  factors  is  veryA^ 
quently  of  considerable  utili^i 
both  in  the  Diophantina  aadFI«» 
ional  Analysis. 


V£L— FIG 


I: 


T6  c>^  aii  UttkiOi  Urn  Advan- 
tage of  tUi  reiolatioii,  we  will  as- 
•nme  one  of  tiie  siimdett  eases. 

Let  it  be  proposed  to  And  soeh 
Talnes  ai  x  and  y,  sach  that  their 
ditfteraace  ;^ — f*,  mi^  be  an  inte- 
gral sqoare. 

First,  the  fiictors  of  j^  — y",  are 
« + jr,  «nd  y — y  ;  tliat  is,  («  +  y), 
(c— y)=<*— y*.  And  since  this 
product  is  to  l>e  a  square,  we  riiall 
VTidently  have  it  so  if  we  malce 
each  of  Its  fsctors  a  square,  or  the 
same  moltiple  of  a  sqoare. 
.   Assome  therefore 

►  «— y  =  iiij* 
Chen  the  product  a«— y9  =  m*  t^  js^ 
whieh  is  evidently  a  square.    But 
by  addition  and  subtraction  these 
equations  give  us 

'  % 

w1ierefii,r,  and«,  maybe  assumed 
at  pleasure^  if  we  take  m=S,  then 
we  have 

«=»<+J»,and  y=rf«— j«; 
which  expo-essions  will  obviously 
give  integral  values  of  x  and  y,  if 
rand  # be  taken  integral  numbers. 

FELLOWSHIP,  the  name  of  a 
rule  in  Arithmetic,  useful  in  ba- 
lancing accounts  between  traders, 
merchants,  ftc. ;  as  also  in  the  di- 
vision of  common  land,  prize-mo- 
ney, and  other  oases  of  a  similar 
kind. 

Fellowship  is  of  two  kinds,  single 
and  doable ;  or  fellowship  without 
time,  and  fellowship  with  time. 

Simple  F£LLowsHip,is  when  all 
the  mone]rs  have  been  employed 
for  the  same  time,  and  therefore 
the  shares  are  directly  as  the  stock 
of  each  partner.  The  rule  in  this 
case  is  as  follows  t 

As  the  whole  stock ;  the  whole 
gain  or  loss  sseach  man's  particu- 
far  stock  :  his  particular  snare  of 
the  gain  or  loss. 

Exam,  A  bankrupt  is  indebted 
to  A  1  /MM.,  to  B  2,0002.,  to  C  S.OOO/. ; 
whereas  his  whole  effects  sold  but 
for  1,9001.:  required  each  man'» 
•bare, 
irs 


Here  the  whole  debt  is  8,0001. ; 
therefore     riOOO:£SOO.  A's  share 

as  0000  ._•{  8000 :  £400.  B's  share 
1200 '     i  3000 :  £000.  G's  share 

CompoundFaLLOWsuiF,  is  when 
equal  or  different  stocks  are  em- 
ployed for  different  periods  of 
time.  The  rule  in  this  case  is  as 
follows : 

Multiply  each  person's  stock  by 
the  time  it  has  been  engaged ;  Uien 
say. 

As  the  sum  of  the  products :  the 
whole  gain  or  loss  =  each  particu- 
lar product:  the  corresponding 
share  of  the  gain  or  loss. 

Exam.  A  had  in  trade  501.  for  4 
months,  and  B  60/.  for  ff  months  ; 
with  which  they  gained  24/. ;  re- 
quired each  person's  particular 
snare. 
50X4=200 
60X5=300 


500:  24: 


^  200 :0/.l3«.A's  gain 
7300:14/i)«.B'sgaJn 


FIELD  Bookt  in  Surveying,  a 
book  used  for  setting  down  angles, 
distances,  and  remarks,  as  they 
arise  in  the  field  practice,  and 
from  which  the  map  is  constructed 
and  the  contents  computed.    See 

SuaVBYINO. 

PI6URATE  Numbers,  are  all 
those  that  fall  under  the  general 
form. 

n(n  +  l)  (n4-2)  (»4-3) .  (n+m) 


1  .2.3-4.(//»+  I) 
and  they  are  said  to  be  1st,  2d,  3d, 
&c.  order,  according  as  as  =  1, 2, 3, 
&c.  thus : 

Nat.  series,  1, 2,  3, 4,  &c.  n 
Ist  order,  1, 3, 6, 10,  ftc. 

njnj-l) 
1-2 

2d  order,  1, 4, 10, 20,  &c. 

n  (n  +  1)  (»  -t- 1) 

1.2    3 
3d  order,  1,  5,  15,  35,  &c. 

1.2*3*4 


&c. 


&c. 


The  most  remarkable  pi-operty 
of  these  numbers  is,  tliat  if  the 
nth  term  of  any  order  be  added  to 
the  n  -^  1  tenp  of  the  preceding 
ordtr,  the  sum  will  be  the  n-f  1 
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term  of  the  same  order  as  the  for- 
nuT. 

Fici-RB  of  a  Bodi/,  in  Geometry 
mid  Mensuration^  denotes  general- 
ly iis  form  or  shape.  - 

Figure  of  the  Sines t  Cosines, 
J'erseri  Sines,  Tangents,  or  Secants, 
&c.  are  figures  made  by  conceiv- 
iiijj  tlie  circumference  of  a  circle 
('Mend  out  in  a  ri^ht  line,  upon 
every  point  of  which  are  erected 
perpendicular  ordinates  equal  to 
tile  bines,  cosines,  &c.  of  the  cor- 
responding arcs  ;  and  then  draw- 
ing the  curve  line  through  tlie  ex- 
tremity of  all  these  ordinates  ; 
which  is  then  the  figure  of  the 
sines,  cosines,  &c. 

FIRMNESS,  denotes  the  con> 
sisiencu  of  a  body,  or  that  state 
wherein  its  sensible  parts  cohere, 
or  are  united  togetlier,  so  that  a 
motion  of  one  part  induces  a  mo- 
tion of  the  rest.  In  which  sense 
tirmnes^  stands  opposed  to  fluidity. 

FIXED  ^0(/Jc>5,  general ly  denote 
those  bodies  which  neither  fire  nor 
any  corrosive  has  such  an  effect  on, 
as  to  reduce  or  resolve  them  into 
their  component  elements,  or  ab- 
solutely to  destroy  them.  Of  fixed 
l)odies,  the  principal  are  gold, 
platina,  silver,  precious  stones, 
particularly  the  diamond,  salts,&c. 

Fixed  Ecliptic,  a  certain  ima- 
ginary plane,  whiclj  never  changes 
Its  position  in  tlie  heavens  from  the 
acUou  of  any  of  the  parts  of  the 
Kolar  system  on  each  otiier  ;  but, 
like  a  centre  of  inertia,  remains 
imnioveably  fixed.  l\ie  existence 
of  such  apli'.ne  is  denionsiraled  by 
Laplace,  who  has  shown  the  me- 
thod .of^  determining  it  from  the 
situations,  velocities,  masses,  &c. 
of  the  planets  and  other  bodies. 

Fixed  Signs  of  the  Zodiac,  an 
arbitrary  denomination  wliich 
some  astronomers  have  given  to 
the  sijijns Taurus,  Leo,  Scorpio,  and 
Aquarius.  The  particular  corres- 
ponding season  beinc:  supposed 
inosl  fixed  when  tlie  sun  is  in  those 


FixKD  Stars,  are  those  which 
con>*tautly  maintain  the  same  re- 
lative }xisitioTi  with  regard  to  each 
other,  in  contradistinction  to  the 
planets  and  comets  which  are  con- 
stantly changing  their  relative  po« 
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sitionft. 'Bee  Star  and  Comstilla- 

TIOMrf" 

FLOATING  Bodies,  are  those 
which  swim  on  the  surface  of  t 
fluid,  the  stability,  eqailibrmm, 
■ahd  other  circamstances  of  whick 
form  an  interesting  subject  of  me- 
thanical  and  hydrustatical  inves- 
tigation, particularly  as  applied  lo 
the  construction  and  nianagemeat  ] 
of  ships  and  other  veuels. 

The  equilibrium  of  floating  bo 
dies  is  of  two  kinds,  vis.  stable  or 
absolute,  and  unstable  or  tol* 
tering. 

In  the  one  case,  if  the  eqdiH> 
brinm  be  ever  so  little  deranged, 
the  bodies  which  compose  the  sys- 
tem only  oscillate  about  their 
Erimitive  position,  and  tbe  eqoiii- 
riuni  is  then  said  to  be  iSnn,  or 
stable.  And  this  stability  is  mbtt- 
lute  if  it  takes  place,  whatever  be 
the  nature  uf  the  oscillations;  bat 
it  is  relative  if  it  only  takes  place 
in  oscillations  of  a  certain  deacrip 
tion. 

In  the  other  state  of  eqailibriam, 
if  the  system  be  evers<>  little  de- 
ranged, all  bodies  deviate  more 
and  more,  and  the  system,  instead 
of  any  tendency  to  establish  itself 
in  its  primitive  position,  is  overset 
and  assumes  a  new  |x)^ition,  en* 
tirely  different  from  the  former; 
and  this  is  called  a  tottering,  or 
unstable,  equilibrium. 

The  stability  of  a  floating  body 
is  the  greater  as  its  centre  of  gra* 
vity  is  lower  than  that  of  the  dis* 
placed  fluid,  or  as  the  distance  be- 
tween these  centres  is  increased  ; 
it  is  for  this  reason  that  ballast  is 
put  in  the  lower  part  uf  vessels  to 
prevent  them  from  bcinR  overseL 
The  nature  of  the  equilibrium,  as 
lo  stability,  depends  on  the  nm- 
tion  of  a  certain  point,  called  the 
centre  of  pressure. 

When  the  centre  of  pressure  is 
above  the  centre  of  gravity,  the 
equilibrium  is  stable;  on  the  con- 
trary, when  the  meta  centre  is 
lower  than  the  centre  of  gravity, 
the  equilibrium  is  tottering;  wfaea 
the  meta  centre  coincides  with  tbe 
centre  of  gravity,  the  bfidy  wijl 
lemaiii  atreKi  in  any  (lositiun  it  is 
placed  in,  without  any  tendency 
to  oscillation. 

Lajiidce  gives  the  following  pile 
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for  determiniiiK  wlicthertlie  force 
which  solicits  tiM'qr>ttin>  tends  to 
restore  it  to  the  same  state  again 
>irhen  deranged  from  its  primitive 
position,  wluch  is  as  follows  : 

"  If  throngh  the  centre  of  gra> 
vity  of  the  section  of  the  sarface 
of  the  water  on  which  a  body  floats, 
we  conceive  a  horizontal  axis  to 
pass,  snch  that  the  sum  of  the  pro- 
aacts  of  every  element  of  the  sec- 
tion, multiplied  by  the  square  of 
its  distance  Arom  this  axis,  be  less 
than  any  other  horizontal  axis 
.drawn  through  the  same  centre, 
the  equilibrium  will  be  stable  in 
every  direction ;  when  this  sum 
sarpasses  the  product  of  the  vo- 
lume iif  the  displaced  fluid,  by  the 
iheight  of  the  centre  of  gravity  of 
the  body  above  the  centre  of  gra- 
Tity  in  this  volume." 

This  rule  is  principally  useful  in 
the  construction  of  vessels  which 
reqaire  sufficient  stability  to  en- 
able diem  to  resist  tlie  effects  of 
storms,  which  tend  to  submerge 
them. 

In  a  ship,  the  axis  drawn  from 
the  stern  to  the  prow,  is  that  rela- 
tive to  which  the  sum  above-roen- 
tloaed  is  a  minimnm  ;  it  is  easy, 
therefore,  to  ascertain  and  mea- 
•are  its  stability  by  the  preceding 
role. 

In  order  that  the  floating  body 
anay  remain  in  equilibrium,  it  is 
also  necessary  that  its  centre  of 
era  vity  .be  in  the  same  vertical 
line  with  the  centre  of  gravity  of 
the  displaced  fluid,  otherwise  the 
-weight  of  the  solid  >^iUnot  be 
completely  counteracted  by  the 
pressure  of  the  displaced  fluid. 

When  the  lower  surface  of  a 
Heating  body  is  spherical  or  cylin- 
drical, the  centre  of  pressure  must 
coincide  wiUi  the  centre  of  the 
ilgore,  since  the  height  of  this 
point,  as  well  as  the  form  of  the 
portion  of  the  fluid  displaced,  must 
remain  invariable  in  all  circum- 
stances. 

FLUENT,  or  Flowing  Quantity, 
in  the  Fiuxionai  AnalvMs,  is  the 
variable  quantity  which  is  consi- 
dered as  mcreasing  or  decreasing ; 
or  the  fluent  of  a  given  fluxion  is 
that  quantity  whose  fluxion  being 
taken  accoidiBg  to  the  rules  pre- 
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vionsly  laid  down,  will  be  the  lamt 
with  the  given  fluxion. 

Contemporary  Flu  ents,  are^ueh 
as  flow  together,  or  for  the  same 
time.  And  the  same  is  to  be  un- 
derstood of  contemporary  flux- 
ions. When  contemporary  fluents 
are  always  equal,  or  in  any  con- 
stant ratio,  then  also  are  their  flux- 
ions respectively  either  equal,  or 
in  that  same  constant  ratio. 

FLUID,  or  Fluid  Body,  is  that 
whose  parts  yield  to  the  smallest 
force  impressed  upon  them,  and 
by  yielding  are  easily  moved 
amongst  each  other;  in  which 
sense  it  standi  opposed  to  a  solid, 
whose  parts  do  nut  yield,  but  con- 
stantly maintain  the  same  relative 
situation. 

The  fluidity  of  bodies  is  account- 
ed for  by  supposing  them  to  be 
made  up  of  a  number  of  inflnitely 
small  particles,  possessing,  with  re- 
gard to  each  other,  an  attractive 
and  repulsive  power,  which  being 
equal,  places  the  whole  system  in 
equilibrium,  whereby  it  obeys  any 
external  force  impressed  upon  it. 

This  hypothesis  evidently  places 
the  several  particles  of  a  fluid  at 
small  distances  from  each  other, 
and  consequently  supposes  them 
to  be  {xirous,  or  to  possess  certain 
vacuities,  the  existence  of  which 
may  be  demonstrated  from  various 
experimentA.  Thus,  water  will  dis- 
solve a  certain  quantity  of  salt; 
after  which  it  will  absorb  a  little 
sugar,  and  after  that  a  little  alum; 
and  all  this  without  increasing  its 
bulk,  which  evidently  shows  that 
the  particles  of  these  solids  are  so 
far  separated  as  to  become  smaller 
than  the  vacuities,  or  interstices, 
between  the  particles  of  the  fluid. 

Fluids  are  divided  into  Elastic 
and  Non-elastic. 

Elastic  Fluids,  are  those  which 
may  be  compressed  into  a  smaller 
compass,  but  which  on  removing 
the  pressure  resume  again  their 
former  dimensions ;  as  air,  and  the 
various  gases. 

Non-elastic  Fluids,  are  those 
which  occupy  the  same  bulk  un- 
der all  pressures,  or  if  they  be  at 
all  compressible,  it  is  in  a  very 
trifling  degree ;  such  as  water  and 
other  liquids. 
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denote  the 
fluents  ot'- 


b'x 


Direct  Method.  It  follows  from 
tlie  pre€e«iiiig  delinitious  and  no- 
tation that  the  fluxion  of  x  being 

i  ;  of  y,  y;  of  x  z,  &c.  that  the  flux- 
ion of  (x-f  y  +  *+,  &c.)=  Vr+'y4- 
%,  Sec.  Also  tbe  fluxion  of  2,  being 
X,  tlie  fluxion  of  ax  will  be  a  x  ;  ot 

aar±6y±c«,wiUbea*±6y±c«, 
and  so  on  of  other  similar  expres- 
sionH. 

But  when  we  have  to  find  the 
fluxion  of  a  rectangle  of  two  va- 
riable quantities,  as  xy,  the  exact 
determinatinnofitisby  no  means  so 
obvious.  The  usual  method  of  ex- 
plaining it  is  this: 

Iy>t  X  and  y  be  represented  by 
two  lines  at  right  angles  to  each 
other,  and  complete  the  rectangle  ; 
it  will  express  the  product  xy. 
Imagine  each  of  the  lines  now  to 
move    over    an   infinitely    small 

Kpace,  namely,  x  over  x  and  y  o\  ei 

y,  then  a  gnpmen  will  be  added  ti) 

the  rectangle,  consisting  of  xy  +  yj 

-\-x  y.  Bnt  since  both  x  and  y  are 
by  hypothesis  infinitely  small,  the 

last  term  (x  y)  may  be  omitted  with- 
(»ut  error.  In  like  manner  it 
Tni{>lil  be  shown  that  the  Auction 
of  the  product  of  three  quantities, 
rejecting  the  terms  which  contain 
only  Auctions  is  the  sum  of  the 
products  of  the  Auction  of  each 
qiiHUtity  by  all  the  other  quantities. 

I  Thus   the    dilTerence    between 

the  integral  and  flnctionary '  caU 
culns  Is  purely  metaphysical,  or 
rather  ideal,  the  powers  and 
products  of    the   differential    be- 

*  ing  left  out  in  the  one  and  those 
of  the  fluction  in  the  other. 
Thns  tlie  sum  of  the  sides  ot  the 

rectangle  are  x  +  xand  y-^rVt  ac- 
cording to  the  one  species  of  nota- 
tion, and  x4-3  and  y  +  d  i"  l'»« 
other.  Wherefore,  the  complete 
rectangle  in  the  first  case  is  xy  + 

X  y-\-y  x-\-x  y  ;  and  the  whole 
product  in  the  other  is  xy-Yxd-\- 
yd^dd,  xy  u  the  same  in  each, 

being  constant :  and  x  y  is  equal 
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to  ddf  because  both  arc  infinirefy 
small.  Hence,  omitting  ihe  equal 
quantities,  the  fluction  of  the.  itx- 

tangle  xy-f-y*j  »«  <'qnal  to  the  dif- 
ferential, or  increment  r/.T-f-f/.y. 

Hence  it  follows  that  the  lluxioa 
of   a    rectangle  of  .two   varmbie 
quantities,  is  equal  to  the  sdiu  of 
the  Auction  of  each,  ninlti)ilicd  in«  , 
to  tbe  other  quantity  ;  that  is, flux. 

X  yssxy  -\-y  X,    Thus 

P.xyaf"  =xys    +  yxz    +  xxy 

V.xyztv=^xyxw-{'  yxzw-r  zxytv 

+  tvxyz 
and  so  on,  for  any  number  of  quan- 
tities. 
For  pat  xy = ^ ,  then  xyz=  <j>y. 

Now  F.  ^« =«^i    +  s  ^  »  but 

•  •  • 

^=xy,  and  conseq.  <|>  =xy  +  yx, 

substitutes  these  values  in  the 
above  expression,  and  we  have, 

P.  <|>z  =  p.  xyz=xy»  4-  yxz-\-  zxy. 
Again,  in  the  second  example, 

put  xyz  =  1>,  then     . 

^.xysw  =  'P»^w=^^*>-\-u^\  bnt 

^  =  xyz, and  ^  =  xyz -f  yxz  +  zry 
substitute  these  values  iu  the  ex- 
pression,. 

Y.^w=^^w-\-w  ^\  and  we  have, 
P.  xyzw  =  xyzw-\-yxzw  -f  zxyw -\' 

wxyx  and  the  same  rule  will  ob- 
viously obtain  whatever  may  be 
the  number  of  variables  of  wliicU 
the  product  is  composed. 

To  find  the  Flttxion  of  a  Frac- 
tion. Prom  the  fluxion  of  the  nu- 
merator multiplied  into  the  deno- 
minator, subtract  the  fluxion  of  the 
denominator  multiplied  into  the 
numerator,  and  divide  by  the 
square  of  the  denominator. 


y "~     y^ 


For  make  -=  ^  *.    ^*»e»  P.  -  =  9. 

y 

Now  x  =  y^,  and  x  =  y^-h<^y  ; 

*  X  " 

Or,  substituting  -  for<I>,  we  have 

-j^-H^y=?x; 
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whence  t=^-^' 

f 

that  is,  P.  ^  = — 3— 

.  If  the  numerator  of  the  fraction 
be  a  constant  qoantity,  having  its 
fluxion  equal  to  0,  the  fluxion  of 
such  fraction  is  equal  to  the  flux- 
ion of  the  denominator  drawn  into 
the  numerator,  and  divided  by  the 
square  of  the  denominator* 

a       ax 
Thatis,F.^=% 

X  XT 

To  find  the  fluxion  of  any  inte- 
gral power  of  a  variable  quantity. 
Multiply  the  given  power  by  the 
index, then  reduce  iu  index  by 
unity,  and  multiply  by  the  fluxion 
of  the  simple  quajitity. 

Tliat  is,  F.  ««  =  nx»  — » x. 

This  rule  follows  immediately 
from  what  has  been  shown  with 
regard  to  the  fluxion  of  a  product ; 
for  it  is  obvious  in  the  first  place, 
that  the  number  of  terms  in  that 
result  is  always  equal  to  the  num. 
ber  of  quantities;  and  that  the 
number  of  variables  in  each  term 
is  always  one  less  than  that  num- 
ber. If,  therefore,  we  suppose 
them  all  equal  to  each  other,  so 
that  the  product  becomes  a  power 
of  any  one  of  them,  then  it  is  evi> 
dent  that  its  fluxion   will  assume 

the  form  above  given ;  vi%, 

•  •  •  • 

F.  XXX  =  a-  ara;  4-  xxx-^-xxx  =  3a:«x, 
F.  xxxx=  F.a:*=4a:8  x, 
and  generally, 
F.  jr«  =  nx«  "" » X, 

To  find  the  fluxion  of  a  quantity 
having  a  fractional  index. 

Multiply  the  proposed  quantity 
by  the  index,  reduce  that  index 
by  unity,  and  multiply  by  the 
fluxion  of  the  simple  quantity ;  that 
is, 

F.  a*'=snx^^  li,  whether  »  be 
integral  or  fractional. 

We  have  demonstrated  this 
above,  in  the  case  where  n  is  an 
integer,  and  have  therefore  in  this 
place  only  to  attend  to  the  casein 
which  n  is  fractional.    Let,  there- 

fort,  ai s=  .-t  and  make  -^  =  s 
q  c« 


whence  «9s=  sff,  tli«refi>re  fJlf^ 

•  •    »»       -^ «     ^ 

sssfsfr\9.  Bat  **••=— a» 

MibetiUtB 
this  for  ««— » ^^ 

we  have  p  xp~^  a=  jx  (f  — »)- 1. 

.      ««!»—»      •       P   >»— *. 
«>"-=«     F'^fSi     X 

Whence  it  appears,  that  the 
same  rule  has  place  both  for  iatew 
gral  and  fractional  indices,  and 
consequently  also  for  negative 
ones;  that  is, 
F.  X— «=—  nx— "—  *x 

1         ^  «    * 

For    X— »=  ^  and  P.  ^=- 

itx»*  — ix 


jfin 


=  —       nx — •• — 'x. 


To  find  the  flaxlonoftllebype^ 
bolic    logarithm    of    a     variable 

quantity.  ^  ^ 

Divide  the  fluxion  of  the  qsaa- 
tity  by  the  quantity  itaelf,  and  it 
wiU  be  the  fluxion  required.  Thos, 

P.  h.log.x=* 

X 

For  put  X  =  1  -+-  jf,  then 

h.  iog.(i+y)=y— iy«+i>"- 

j^  y I  ^.  &c.  as  is   shown   under  tM 
article  logarithms  ;  therefore,  ^ 

F.  log.(i4-y)  =  ir  — y  y  +y*y- 

but  1  —  y  H-y«— »»4-&c. 

is  derived  from  the  couversioo  01 

■— —  into  a  series ;  therefore* 

i+y  ^ 

P.log.(l  +  f)  =  y  X  — pj 

__    y  _ 

Butsincel4*y=«>y  s=sx;wImbb^ 


F.  log.  (1  +  y)  =  P,  log.  «s*^. 

The  logarithm  of  one  systeai  if 
always  convertible  into  aay  other 
system  by  meani  of  ft  coBi>t»^ 
I  multipUei^ 
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.  Therefore  the  lluioii  of  any  log,. 
of  «,  is  equal  toM  X  -'»     vhere 

X 

M  is  the  raodnlns  of  the  system. 
If  it  be  the  common,  or  Brigg'»  lf>- 
garitbm,  then  M  =  0  43439,  &c.  and 
for  the  hyi)erb4>la  1ogarithm,M  =  1. 

Tofind  the  fluxion  ol'  exponen- 
tial quantities,  that  is,  quantities 
Which  have  their  exponent  a  flow- 
ing or  variable  letter. 

These  are  of  two  kinds,  fis.  when 
the  root  is  aconstajit  quantity,  as 
e*i  and  when  the  root  is  variable, 
as  y*. 

In  the  former  case,  put  the  pro« 
posed  exponential  e'zzs,  a  single 
variable  qnantity ;  then  take  tlie 
logarithm  of  each,  so  shall  log.  %  = 
X  X  log.  t :  take  the  fluxions  of 
these,  so  shall 

s  =  fi  X  log.  e^hencez  =  s  x  X 

log.  e=^e«x  X  log.  e,  the  fluxion 
of  the  proposed  exponential  e*  ; 
and  which,  therefore,  is  equal  to 
the  pruposed  quantity,  drawn  into 
the  fluxion  of  the  exponent,  and 
also  into  the  log.  of  the  root. 

Also  in  the  second  case,  put  the 
exponential  y*=zz;  then  the  loga- 
rithms give   log.  s  =  X  X  log.  y, 

and  the  flazions  give  —  =  ar  x 

z 

log.  ir+  «  X  —  ;  hence  «  =  «  x  X 

log.  y+.—  =  (by  substituting  y« 

far  x)fx  X  log.  y  +  ary»— i  y,  is 
the  fluxion  of  the  proposed  expo- 
nential yv;  which  therefore  con- 
sists of  two  terms,  of  which  the 
one  is  the  fluxion  of  the  proposed 
quantity  ^considering  the  exponent 
only  as  constant,  and  the  other  is 
the  fluxion  of  the  same  quantity, 
considering  the  root  as  constant. 

To  find  the  fluxions  of  sines, 
cosines,  ftc« 

Si'ppose  we  require  the  fluxion 
of  the  sine  of  the  angle  or  arc  de- 
noted by  ;:,  we  must  suppose  that 
bv  a  motion  of  one  of  the  legs  in- 
cluding the  angle,  it  becomes  x  •{■ 

M,  then  sin.  (x  -\-  s)  —  sin.  x  is  the 
fluxion  of  aitt*  s.    But  according  to 
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,the  formulsB  for  the  sines  of  •am*, 
of  arcs,  we  have  sin.  Ix  +  *)  =  sin* 
scos.  x-^  sin.  X  cos.  s,  the  radius 
being  assumed  equal  to  unity.  But 
the  sine  of  an  are  indefinitely 
small  does  not  differ  sensibly  from 
that  arc  itself,  nor  iU  cosine  differ 
perceptibly  from  radius ;  hence  we 

have  sin.  z  =  s,  and  cos.  s  =  1 ;  and 

therefore  sin.  («  -|-  s)  =  sin.  «  +  s 

cos.  X ;  whence  sin.  («  +  i)  —  sin. 

z,  or  (sin.  s)  •  =  s  cos.  s,  viz,  the 
fluxion  of  the  sine  of  an  arc  whose 
radius  is  unity,  is  equal  to  the  pro- 
duct of  the  fluxion  of  the  angle 
into  the  cosine  of  the  same  arc. 
in  like  manner  the  fluxion  of 

cos.  *,  or  COS.  («  +  X)  —  COS.  x  = 

COS.  X  COS.  z —  sin.  x  sin.  i  —  cos. 

s,  or  since  cos.  («  -f*  ')  =  cos.  a  cos* 

X  —  sin.  X   sin  X ;    therefore,    be« 

cause  sin.  s  =  s,  and  cos.  z  =  1,  we 

have  F.  cos.  x  =  cos.  z  —  x  sin.  m 

—  cos.  X  =  —  X  sin.  s,  that  is,  the 
fluxion  of  the  cosine  of  an  arc, 
radius  being  1,  is  found  by  multi- 
plying the  fluxion  of  the  arc  (taken 
with  a  contrary  sine)  by  the  sine 
of  the  same  arc. 

By  means  of  these  two  formulc, 
many  other  fluxional  expressions 
may  be  found,  viz. 

F.  cos.  mz  =  —  mz  sin.  mx, 

F.  sin.  mz  =  •{-  mz  cos,  nu, 

m 

F.  tan,  X    =  - 


COS.  ^  z 


F.cotan.2.=  •* 


sia.  ^s 


F.  sec.  X '  5=   » 


«  sm.  X 


cos.  *.» 
«  cos.  X 


F.  cosec. «  s=  —     .     . 
sm.  ^K 

• 

F.  sin."» »  sK  m  sin.»» — *  x  x  cos.  x, 

F.  cos.»»«  =  — .  m  cos.  w*-**  XX 
sin.  z. 

To  find  the  second,  third,  ficc. 
fluxion  of  a  flowing  quantity. 

These  fluxions  differ  in  nothing 
except  their  order  and  notation, 
from  first  fluxions,  being  actual Iv 
such  to  the  quantities  from  which 
they  are  immediately  decvve4\«.ti^ 
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therefore  they  may  be  found,  in 
the  same  manner,  by  the  general 
rales  already  delivered. 
Thus,  by  the  third  rule,  the  first 

fluxion  of  x*  is  8  2^  X,  and  if  x  be 
supposed  constant,  cr  if  the  root  c 
be  generated  with  an  equable  cele- 
rity, the  fluxion  o(3  a^  z,or3x  X 
afl,  will  be  3x,  X  S  'x* = 6  x*«,wliich 

is  the  second  fluxion  of  x^,  and  6  afl 
will  be  its  ttiird  fluxion ;  but  if  the 
celerit3r  with  which  x  is  generated 
be  vatiable,  either  increasing  or 

decreasing,  then  x  being  variable, 

will  have  its  fluxion  denoted  by  x, 
ice.    In  this  case  the  fluxion  of  3 

aft  X  ^  will  be,  by  the  first  and 

third  rules,6«x  X  x  +  SaftX  x  = 

6  X  aft  ■\'  B:ft  Xf  the  second  fluxion 
of  aft.  And  the  third  fluxion  of  aft 
obtained  in  like  manner  from  the 

Jast,  will  be  ©r  X  i*  4-  fl*  X  »Vi 

4-  Ox XX  i'  4-  a*«  «  =  «is  4-   18 

X  xx-\-  Saftx,    Thus  also,  if  y  = 

fix*—*  X  then  y=  n  X  »  —  1   X 

«" — »x*4-  nxx^ — 1  ;andif«3=xy, 

then  2  «  «  =  xy 4*  y'^t  &c. 

If  the  function  proposed  were 
ax",    we    should    find    F.    ax"  = 

nax" — »  xj  the  factors  na  and  x 
being  regarded  as  constant  in  the 

first  fluxion  nax" — »  x,  to  obtain 
the  second  fluxion  it  will  suffice  to 
make  x" — »  flow,  and  to  multiply 

the  result  by  n  a  x ;  but  P.  x" — i  = 

(w  —  1)  J!"    »x;  we  have,  therefore, 

2nd  F.  ax>»=«  (n— 1)  ax«— «x«. 
3d    F.  ax;«=:n(ii— l)(f»-r2> 

ox*— sis, 
4th  F.  ax»  =  n  («— 1)  (»•— 2)  (»— 3) 

ax^^^x^ 

&c.  =  &c. 

mth  P.  ox"  =»  (» — 1)  $1—2)  •  •  • 

(n—m  ■{- 1)  a» — »  x«, 
m  being  supposed  not  to  exceed  n, 
for  it  i!»  manifest  that  in  the  case 
of  n  being  integral,  the  function 
ax"  has  only  a  limited  jmmber  of 
fluxions,  of  which  the  most  eleva- 
ted is  in  the  nth,  and  which  of 
course  is  expressed  by  the  for-| 
mula,  I 
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nth  F.  #x"rsis  («»--l)  (fli— t)  •  •  • 

3.2.1. a x«-iff which  state  it  ad- 
mits no  longer  of  being  pat  into 
fluxions,  as  it  contains  no  TariaUe 

auantity,  or,  in  other  words,  its 
uxion  is  equal  to  e. 
inverse  Method. — In  the  direct 
method  of  fluxions  oar  ot^ject  is  to 
find  the  fluxion  of  any  flowing  or 
variable  quantity,  for  which  the 
proper  rules  have  been  laid  dowa 
in  the  preceding  part  of  this  arti- 
cle, and  the  operation  is  therefore 
always  direct  and  easily  accom* 
plished ;  but  in  the  inverse  method, 
where  it  U  required  to  fiud  the 
flaents  of  given  fluaiuns,  the  ope* 
ration  is  much  more  difficalt,  u 
no  rules  can  be  laid  down  that 
will  be  safficieot  for  performing 
this  in  all  cases ;  for  though  every 
flowing  quantity  has  its  peculiar 
fluxion,  yet  every  fluxion  has  not 
its  fluent,  at  least  not  without  hav- 
ing recourse  to  infinite  series,  qnsd- 
raiure  of  curves,  or  other  methods 
of  approximation.  There  are,  how- 
ever, a  few  rule%  which  may  be 
useful. 

1.  When  any  power  or  root  of 
the  variable  quantity  is  multiplied 
by  the  fluxion  of  that  quantity. 

Substitute  the  variable  quantity 
instead  of  its  fluxion,  wmeh  will 
increase  the  index  of  the  power 
or  root  by  unity ;  then  divide  the 
quantity  by  the  index  thus  in- 
creased, and  it  will  be  the  fluent 
required.    That  is, 

MS 

/.  mx"x  =  — — ^  x«  +  > 

«4- 1 
Thus,  for  example. 

3 

/.  3  X*  X  =  J-  X* 

/.  3  «■  «  =  —  4^ 

2.  When  the  root  under  the 
vinculum  is  a  compound  quan- 
tity, and  the  index  of  the  part  or 
factor  without  the  vinculum,  in- 
creased by  unity,  is  some  multiple 
of  that  under  the  vinculum. 

Put  a  simple  variable  quantity 
for  the  compound  rout,  and  sub- 
stitute its  powers  and  fluxions  in- 
stead of  those  of  the  qnantity  it* 
self.  Find  the  fluent  of  this  simple 
fluxion,  and  then  re-esubiish  the 


F.  li  U-r-F  L  U 


value  of  the  eonipOQBA  voot.  which 
will  be  the  fluaion  neqnlred. 
For  examjile,.  let  it  be  proposed 

to  find  the  fluent  of.  C«^  +  ««)§ 

Put  1^  +  *«  =  X,  then  ««  ==  a—tfl ; 
and  3«x  =  2«.  therefore  ac^x  =  4 
(»—«»)  X  (a«  -f-  a*)*  «»  i  =  \  z^ 

Now/.  U  «  «  — i  d*  «i  i)  = 

,~(^+a«)S-^a2(i*«4- 0:8)5 
which  may  be  farther  reduced  to 

3.  When  the  fluxion  of  a  qaan- 
tity  is  divided  by  the  quantity  it- 
self. 

Then  the  fluent  is  equal'  to  the 
hyperbolic  logarithm  of  that  quan- 
tity ;  or,  which  is  the  same  thing, 
the  Huent  is  equar  to  2*30258509, 
.&c*  multiplied  by  the  common  log. 
of  the  same  quantity. 

Thus  the  fluent 

of  —  or  X—  1  or,  is  the  hyp.  log.  of  o; ; 
or 

9  X 
of — -,  is  2  X  hyp.  log.  of  or    or 
or 
hyp.  log.  of  a:^  ^ 

X 

of  ^["TT^  i»  the  hyp.  log.  of  4  +  '  > 

3  afi  X 
of  — : — ',  is  the  hyp.  log.  of  a  + 


*"; 


a-\-afl^ 


of 


Vo^±a« 


,  is  hyp,  log,  of  (x  4-  V 


^±^); 


of 


\/  x*±i'iax 


,  is  hyp.  log.  («  ±  a  + 


2tf  or 
of -,  hyp.  log.  of 


v^  ar«  ±  2  ax) ; 
o-f* 


of 


2aor 


a— or 


Sy/a*±.je* 
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—    t  is  hyp.  log,  of 


Many  fluents  may  be  found  hy 
■the  durect  method  of  fluxions, 
thus-: 

Take  the  fluxion  again  of  the 
given  fluxional  expression,  or  the 
second  fluxion  of  the  fluent  sought ; 

into  which  substitute  —  for  or   and 

or 
. 

ffl  J.     "  •  ». 

—  for  p,  &c.  that  is,  make  or,  x,  x, 

•       •• 

as  also  y,  y,  y^,  &c.  in  continual 
proportion.  Then  divide  the  square 
of  the  given  fluxional  expression 
by  the  second  fluxion,  just  found, 
and  the  quotient  will  in  many 
cases  be  the  fluent. 

Or  the  same  rule  may  be  de« 
livered  thus :  In  the  given  fluxion 

F  write  x  for  x,  y  for  y,  &c.  and 
call  the   result  G,  taking  also  the 

fluxion  of  this  quantity  6 ;  then 

make  6  :  F=  6:  P,  so  shall  the 
fourth  proportional  F  be  the  fluent^ 
as  before. 

It  may  be  proved  whether  this 
be  the  true  fluent,  by  uking  the 
fluxion  of  it  again.  I(itagreewith 
the  proposed  fluxion,  it  wilt  show 
that  the  fluent  is  right }  otherwise 
the  metliod  fM,\\u 

Tims,  if  it  be  proposed  to  find 

the  fluent  of  no:"— »  x.    Here  F  = 

nx» — »  i ;  write  first  x  for  x,  and 
it  is  MX" — » X,  or  wx*  =  G ;  the 

fluxion  of  this  is  6  =  n'  or" — 1  x/ 
therefore  d :  F  =  6  :  F  becomes 
»8  xn — I  X :  nx" — 1  X  =  «x« :  x"  = 
F,  the  fluent  sought. 

Tojind  Fluents  by  Series, 

When  the  proposed  fluxion  is  of 
any  form  not  included  in  the  pre- 
ceding rules,  nor  given  in  the  an- 
nexed table,  there  is  no  other  me- 
thod of  obtaining  the  fluent  but  by 
a  series,  at  least  it  will  generally 
be  found  most  convenient  and  di- 
rect, and  will  apply  in  all  cases; 
the  rule  is  as  follows : 

Expand  the  radical  or  fraction 
into  a  series  by  the  binomial  theo> 
orem,  and  multiply  the  several 
terms  by  the  fluxion  of  the  vari- 
able, then  take  the  fluents  of  the 
several  terms,  which  will  be  the 
fluent  required. 

}X  should  beobsej^ved,  howevAt» 
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tliat  the  qnantlUes  mnst  be  so  ar- 
ranged that  the  resulting  series 
may  be  a  converging  one,  which 
may  alwayn  be  effected  by  placing 
the  greatest  terms  foremost  in  the 
given  fluxion. 

Exam.  Required  the  fluent  of  x 
I       ba*'    25a*       125tf«      »        J 

Now  taking  the  fluents  of  each 
term,  we  have, 

f5a<      I2a«*      875a»      *        j 

And  the  metiiod  is  the  same  in 
all  similar  cases. 

If  the  index  of  the  proposed 
fluxion  be  fractional  the  series 
will  be  infinite;  but  when  it  is  in- 
tegral the  series  will  terminate, 
and  the  fluent  will  be  finite.  Thus 
it  will  be  found  that, 

•'    aK-a         m        wi— 1     '  '  ' 


flw  h.  log.  (x — a) 


/. 


xmx 


or"* 


gj?>w      1 


X  +  a       tn  in— 1 

a"»  h.  log.  (x  +  «) 


+,&c.± 


m  being  any  integer  number. 

FLY,  in  Mechanics t  is  a  heavy 
weight  applied  to  some  part  of 
a  machine,  principally  in  order 
to  render  its  motion  uniform, 
though  it  is  sometimes  employed 
for  the  purpose  of  increasing  the 
effect,  as  in  the  coining  engine.  It 
regulates  the  motion,  because  its 
momentum  is  not  easily  disturbed. 

FOCAL  Distafice,  in  the  Conic 
Sections t  is  the  distance  of  the 
focus  from  some  fixed  point ;  viz, 
from  the  vertex  of  the  parabola, 
and  from  the  centre  in  the  ellipse 
and  hyperbola. 

FOCUS,  is  that  point  in  the 
transverse  axis  of  a  conic  section,* 
at  which  the  double  ordinate  is 
equal  to  the  parameter,  or  to  a 
third  proportional  to  the  trans- 
Verse  and  conjugate  axis* 
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These  points  wet  that  dtaonlMp 
ted  from  a  remarkable  property 
that  obtains  in  all  the  three  flgnra; 
idz,  that  if  lines  be  drawn  froa 
the  two  foci,  to  any  point  in  tlw 
curve,  and  a  tangent  be  drawa  st 
their  point  of  mcetinflr,  then  those 
two  hues  will  form  equal  angles 
with  the  tangent.  And  since  it  ii 
a  known  property  in  optics,  tliit 
the  angle  of  incidence  u  equal  to 
the  angle  of  reflection;  therelbre, 
all  rays  issuing  from  the  one  focui, 
and  /ailing  on  the  various  poiaa 
of  the  curve,  will  be  reflected  ints 
the  other  foe  as,  or  into  the  lias 
directed  to  the  other  focos,  which 
is  the  case  in  the  hyperbois, 
whence  the  denonainated  foci  or 
burning  j^nts* 

Properties  relating  to  the  foci 
of  the  conic  sections  may  be  ew' 
merated  as  follows  : 

1.  In  the  ellipse  and  p^rahob 
the  transverse  axis  is  equal  to  tbt 
sum  of  any  two  lines  drawn  fioa 
the  two  foci,  to  meet  in  any  poirt 
of  the  curve.  And  in  the  hyper 
bola  the  transverse  axis  is  eqaalls 
the  difference  of  the  same  llneSp 

2.  Again,  the  square  of  the  di^ 
tance  between  the  foci  is  equal  is 
the  difference  of  the  sqaaresof  tbi 
two  axis,  in  the  ellipse  and  pars' 
bola,  but  in  the  hyperbola  it  k 
equal  to  their  sum. 

3.  In  the  parabola  the  focal  dii* 
tance  is  equal  to  ^  the  parameter, 
or  4  of  the  ordinate  at  the  focasi « 

4.  Also  a  line  drawn  from  tkt 
fo^us  to  any  point  of  the  carve  ii 
equal  to  the  focal  distance  fktt 
the  ordinate  at  that  point. 

Focus,  in  Optics,  is  a  poiit 
wherein  several  rays  concur,  ot 
are  collected,  after  having  und^ 
gone  either  refraction  or  n»llee- 
tion. 

This  point  is  thus  denominateii 
because  the  raya  being  hen 
brought  together  and  united,  thdr 
joint  effect  is  sufllcient  to  ban 
bodies  exposed  to  their  -  aetioa; 
and  hence  this  point  is  called  the 
focits,  or  burning  p<iint.  It  wNt 
be  observed,  however,  that  the 
focus  is  not,  strictly  speaking  s 
point ;  for  the  rays  are  not  aees* 
rately  collected  into  one  and  the 
same  place  or  point ;  owing  to  the 
different  uatore  and  refrangiUlHy 


?/c'ii'™"fi>'Sl'.''C'«"?'*hl'"l?™ 


KinK  o(  It  loiall  inhere  i  spiily  il 


glii».    For  a  bIih  al »  prelly  la 


-FOB 

fatal !  «nil  Uioie  tan 
%.    ThuiweHy.  I 


■iini  of  ttie  tidit  of  boll 

Inee  of  Ihe'rocHi.""'  * 

FORGE,  in  iu  ineit  lenen 


■ud  to  be  produced  bj  : 


cDniidered  Cp  IhemUbeirntleiiin; 

all  il»  rilli  within  the  prcvince 
of  the  meuphyilclkii.    Wlien  vo 

ighriiItB,'AB,  "t"''™"  unde' 
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ffhlf  Iiaa  been  adopted  because  It 
is  the  most  constant  and  uniform 
in  its  operation. 

To  nieclianical  forces  may  also 
be  leferred  centripetal  and  cen- 
trifii^ul  forces,  tliough  tliey  relate 
to  a  body  in  motion,  because  these 
forces  are  homogeneous  to  weighty 
pre^kurett,  or  tenaions  of  any  kind. 
The  force  ol  a  body  in  motion, 
is  a  power  relating  to  that  body, 
so  long  as  it  continues  its  motion  ; 
by  nteans  of  which,  it  is  able  to 
remove  obstacles  lying  in  its  way  ; 
to  lessen,  destroy,  or  overcome 
the  force  of  any  other  moving 
body,  which  meets  it  in  an  oppo- 
site direction  ;  or  to  surmount  any 
the  largest  dead  prcfMure  or  resist- 
ance, as  tension,  gravity,  friction, 
Ac.  for  some  lime  ;  but  which  will 
be  lescened  or  destroyed  by  such 
resistance  as  lessens  or  destroys 
the  motion  of  the  body.  This  is 
called  vis  motrir,  moving  force, 
or  motive  force,  and  by  some  late 
writers  vis  r/ra,  to  distinguish  it 
from  the  vis  iiufrtua,  spoken  of  be- 
fore. 

Concerning  the  measure  of  mov- 
ing force,  mathematicians  have 
been  divided  into  two  parlies.  It 
is  allowed  on  both  hands,  that  the 
measure  of  ihis  force  depends-part- 
ly  upon  the  mass  of  matter  in  the 
body,  and  partly  upon  the  velo- 
city with  wliich  it  moves:  the 
point  in  dispute  is,  whether  the 
force  varies  as  ihe  velocity,  or  as 
the  square  of  the  velocity. 

Descartes,  and  all  the  writers  of 
liis  time,  assumed  the  velocity 
produced  in  a  body  as  llie  measure 
of  the  force  which  produces  it ; 
and  obseiving  that  a  body,  in  con- 
sequence of  its  being  in  motion, 
produces  changes  in  the  state  or 
motion  of  otlier  bodies,  and  that 
these  changes  are  in  tlie  propor- 
tion of  the  velocity  of  the  chang- 
ing body,  they  asserted  that  there 
is  in  a  moving  body  a  vis  insita, 
an  inherent  force,  and  that  this  is 
proportional  to  its  velocity ;  say- 
ing that  its  force  is  twice  or  thrice 
as  great,  when  it  moves  twice  or 
thrice  as  fast  atone  timc^as  at  ano- 
ther. But  Leibnitz  observed,  that 
a  body  which  moves  twice  as  fast, 
rises  four  times  as  high,  against 
the  uniform  action  of  gravity  :  that 


It  penetrates  fonr  timea  at  Amf 
into  a  piece  of  miifomi  clay-;  thai 
it  bends  four  times  as  many  qiriiifi, 
or  a  spring  foar  times  as  Mroag  to 
the  same  degree  ;  and  prodacM  & 
g[reat  many  effects  which  are  four 
times  greater  than  those  produced 
by  a  body  which  has  hair  the  isi* 
tial  velocity.  If  the  velocity  be 
triple,  quadraple»  ice.  the  effeea 
are  0  times,  10  times.  &c.  greaier; 
and,  in  short,  are  proportional,  sot 
to  the  velocity,  bat  to  its  sqosic. 
This  observation  had  been  nu^ 
before  by  Dr.  Hooke,  who  has  ens* 
merated  a  great  variety  of  iaipor- 
tant  cases  in  which  this  proportion 
of  effect  is  observed.  Leibniu, 
therefore,  affirmed  that  the  force 
inherent  in  a  moving  bodv  is  pn^ 
portional  to  the  square  or  the  ve- 
locity ;  and  the  same  principle  was 
adopted  by  Wolfius,  the  BemoaillH, 
and  many  other  niathematiciaas. 

Leibnitz's  first  paper  on  ihtosab* 
ject  was  published  in  the  "  Leipiie 
Acts,"  for  the  year  1088,  and  wai 
answered  by  Catalan  and  Fspis, 
from  which  time  the  dispale  te* 
came  very  general,  and  was  car 
ried  on  for  several  Vears  betwccs 
Leibnitz,  John  and  Ilaniei  Bemou* 
illi,  Poleni,  Wolfius,  Chraveissd, 
Camns,  Moachenbroek,  ice*  on  the 
one  side;  and  by  PembertoDt 
Eamcs,  Desaguliers,  Clarke.  Mai* 
ran,  Jurin,  Maclaurin,  Bolyins,  Ae. 
on  the  other,  Newton  having  m- 
dently  avoided  entering  at  all  aSa 
the  controversy. 

It  must  be  obvious  to  any  oae 
that  this  is  a  mere  dispute  aboat 
words ;  the  one  party  taking  one 
result  of  force  as  the  measnre.aiM 
the  other  party  taking  anothor. 
To  do  so  is  perhaps  quite  natnnl, 
although  it  is  cerlainly  not  worthy 
of  being  the  foandatum  of  a  pin- 
losophicai  controversy.  It  is  trse 
that  a  mathematical  figure  or 
quantity  may  be  defined  fay  say 
of  its  qualities ;  ImH  this  docs  ant 
hold  with  regard  to  force,  lor  la 
mathematical  figures  and  qaanti- 
ties  it  is  existence  only  that  we  kavs 
to  consider,  whereas  forces  are 
actions.  We,  for  instance,  say 
either  a  quadrilateral  or  a  qaad* 
rangle,  as  the  one  quality  i* 
inseparable  from  the  other;  bvt 
when  we  speak  of  foroe  •■  prodsC' 
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ing  velocity  and  penetration,  the 
one  does  not  necessarily  follow 
from  the  other,  neither  are  they 
qualUtes  oi  force.  If  we  call  the 
force  of  gunpowder  that  which  im- 
pels a  cannon*bail  with  a  given 
velocity,  we  mean  one  kind  of 
force,  and  if  we  speak  of  it  as 
driving  the  same  Iwll  a  certain 
distance  into  the  earth,  or  eleva- 
ting it  a  certain  way  into  the  ur, 
we  mean  another  ;  and  though  we 
have  ascertained  all  the  changes 
prodnced  in  the  former,  by  alter. 
mg  the  qaantity  and  composition 
of  the  gunpowder,  we  have  made 
no  advance-  toward  ascertaining 
the  latter. 

•  It  is  evident  that  a  body,  moving 
with  the  same  velocity,  has  the 
same  inherent  force,  whether  this 
be  employed  to  move  another 
1xNly,  lo  biend  springs,  to  rise  in 
opposition  to  jmvity,  or  to  pene- 
trate a  mass  of  soft  matter.  Tnere- 
f<Hre  these  measures,  which  are  so 
widely  different,  while  each  is 
agreeable  to  a  numerous  class  of 
nets,  are  not  measures  of  this 
something  inherent  in  the  moving 
body,  which  we  call  its  force,  but 
are  the  measures  of  its  exertions 
when  modified  according  to  the 
circomstances  of  the  case ;  or,  to 
qpeak  still  more  cautiously  and  se- 
onrelv,  they  are  the  measures  of 
certam  classes  of  phenomena  con- 
sequent  on  the  action  of  a  moving 
body.  It  is  in  vain,  therefore,  to 
attempt  to  supj^rt  either  of  them 
by  demonstration.  The  measure 
itself' is  nothing  hot  a  definition. 
The  CSartesian  calls  that  a  double 
force  which  produces  a  double  velo- 
cU^in  the  body  on  which  it  acts.  The 
Leibnitsian  calls  that  a  quadruple 
ferco  uMdk  muUces  a  quadruple  pe- 
netroUom,  The  reasonings  of  hoth 
in  the  demonstration  of  a  proposi* 
tion  in  dynamics  may  be  the  same, 
MB  also  the  result,  though  express- 
ed in  different  numbers. 

But  the  two  measures  are  far 
iWim  being  equally  proper;  for  the 
Jjeibnitaian  measure  obliges  us  to 
do  continual  violence  to  the  com- 
mon use  of  words.  When  two  bo- 
dies moving  in  opposite  directions 
meet,  strike  eacn  other,  and  stop, 
sdl  men  will  say  that  their  forces 
r  mn  equal,  bccaa>«  tbey  have  the 
187 


best  test  of  equality  which  we  can 
devise.  Or  when  two  bodies  in 
motion  strike  the  parts  of  a  ma- 
chine, such  as  the  opposite  arms 
of  a  lever,  and  are  thus  brought 
completely  to  rest,  we  and  all  men 
will  pronounce  their  mutual  ener 
gies  by  the  intervention  of  the  ma- 
chine to  be  equal.  Now,  in  all 
these  cases,  it  is  well  known  that 
a  perfect  equality  is  found  in  the 
products  of  the  quantities  uf  matter 
and  velocity.  Tiius  a  ball  of  tv^o 
pounds,  moving  with  the  velocity 
of  four  feet  in  a  second,  will  scop 
a  ball  of  eight  pounds  moving  with 
the  velocity  of  one  foot  per  second. 
But  the  followers  of  Leibnitz  say, 
that  the  force  of  the  first  ball  is 
four  times  that  of  the  second. 

Laplace  has  shown,  by  a  very 
ingenious  investigation,  how  we 
may  experimentally  be  convinced 
of  the  proportionality  of  force  to 
the  velocity,  or,  at  least,  that  since 
the  difference  must  be,  if  any,  ex- 
tremely  small,  it  is  highly  impro- 
bable that  there  should  be  any 
difference  whatever. 

It  can  moreover  be  shown,  that 
if  any  considerable  variation  ex- 
isted in  this  law,  the  relative  mo- 
tiops  of  bodies  on  the  earth's  sur- 
face would  be  sensibly  affected  by 
the  motion  of  the  earth ;  that  is, 
that  the  effect  of  a  given  force 
would  vary  very  much,  according 
as  its  direction  coincided  with,  or 
was  opposed  to,  the  direction  of 
the  eartVs  motion. 

The  effects  of  the  same  apparent 
forces  would  vary  likewise  in  dif- 
ferent seasons  of  the  jrear,  as  the 
velocity  of  the  earth  is  about  one 
thirtieth  greater  in  the  winter  than 
in  summer.  Now,  since  no  varia- 
tion of  this  kind  is  discernible,  we 
may  safely  infer  the  proportionali- 
ty of  force  to  velocity. 

This  law,  and  the  law  of  inertia, 
which  expresses  the  tendency  of 
a  body  to  persevere  in  a  state  of 
rest,  or  motion,  may  therefore  be 
considered  as  derived  from  obser- 
vation and  experiment.  They  are 
the  most  simple  and  natural  that 
can  be  imagined,  and  are  sufficient 
to  serve  as  a  basis  for  the  whole 
science  of  mechanics,  and  are  ac- 
cordingly adopted  hy  all  the  most 
eminent  authors  of  the  present  day. 
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The  must  general  distinction  of 
tirce  }fi  tHechanical  and  chemical; 
ilie  funiier  refers  to  all  tti<»8e  for- 
ces which  change  the  shape  of  a 
body  or  its  relative  situation  among 
other  bodies,  and  the  latter  all 
those  whicli  alter  its  constitation 
or  external  structure.  Thus,  the 
forces  which  fell  a  tree,  bring  it 
home,  and  cleave  it  into  billets, 
are  all  mechanical ;  but  the  force 
which  converts  it  into  charcoal  is 
a  chemical  force ;  the  former  leave 
the  internal  structure  of  the  wood 
the  same  as  they  found  it ;  but  un- 
der tlie  operation  of  the  latter  the 
wood  disappears,  and  a  new  sub- 
stance  is  produced.  A  short  dis- 
tinctive definition  therefore  is,  that 
mechanical  forces  alter  the  situa- 
tion or  form,  and  chemical  forces 
the  substance. 

PoRCK,  is  also  distinguished  into 
motive  and  accelerative,  or  retar- 
dive,  constant,  variable,  &c. 

motive  KoRCKt  otherwise  called 
momentum,  or  force  of  percussion, 
is  the  absolute  force  of  a  body  in 
motion,  &c. ;  and  is  expressed  by 
the  product  of  llie  weight  or  mass 
of  matter  in  the  body  multiplied 
by  the  velocity  with  which  it 
moves. 

Motive  Force  also  denotes  the 
force  by  which  a  system  of  bodies 
is  put  in  motion,  as  it  is  the  differ- 
ence between  the  power  or  weight 
which  produces  the  motion,  and 
the  resistance  or  weight  to  which 
it  is  opposed. 

Accelerative  Forck,  or  retardive 
force,  is  that  which  respects  the 
velocity  or  rate  of  motion  only, 
accelerating  or  retarding  it;  anjd 
it  is  denoted  by  the  quotient  of  the 
motive  force,  divided  by  the  ma&s 
or  weight  of  the  body.    Thus, 
if  m  denote  the  motive  force, 
and  b  the  body,  or  its  weight, 
and/  the  accelerating  or  retarding 

force,  then  i»/  as  --. 

b* 

Constant  Forck,  is  such  as  re- 
mains and  acts  continually  the 
same  for  some  determinate  time. 
Such,  for  example,  is  the  supposed 
force  of  gravity,  which  acts  con- 
stantly the  same  upon  a  body, 
while  it  continues  at  the  same  dis- 
tance from  the  centre  of  the  earth. 
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tnr  from  the  centre  of  force,  where* 
ever  that  may  be. 

Constant  or  anifotm  forces  pro* 
dace  uniformly  accelerated  bkv 
tions,  the  laws  of  which  will  be 
found  under  the  article  Accu.ua- 

TION. 

Variable  Forcb,  i»  that  whiek 
is  continually  changing  its  effect 
and  intensity,  such  as  the  force  of 
gravity  at  different  diaUuioes  finm 
the  earth's  centre.  See  the  Coi^ 
malflft  relating  to  variable  foreoi 
under  the  article  Accblsratioii. 

Forces  are  farther  dislingnished 
into  central,  cenir^ugal,  &c.  whicli 
see  under  the  several  articles. 

Auhnal  Force,  is  that  which  i» 
suits  from  the  moscalar  power  of 
men,  horses,  and  other  animals. 

There  are  several  carioosaswcU 
as  useful  observations  in  Dcssgs- 
lier's  "  Experimental  Philosophy/ 
concerning  the  comparative  tMtci 
of  men  and  horses,  and  the  bat 
way  of  applying  them.  A  hons 
draws  with  the  greatest  advantsc 
when  the  line  of  direction  is  Icvtl 
with  his  breast ;  in  sach  a  sitsi- 
tiou,  he  is  able  to  draw  9Mlb.  fv 
eight  hours  a-day,  walking  abort 
Sjl  miles  an  hour.  But  if  thessac 
horse  be  made  to  draw  SMIb.  hs 
can  work  only  six.  hours  Si^^ 
and  cannot  go  quite  so  fast,  w 
a  carriage,  indeed,  where  /lictios 
alone  is  to  be  overcome,  a  aidf 
dling  horse  will  draw  lOOOlb.  Bat 
the  best  way  to  try  the  force  of  a 
horse,  is  to  make  him  draw  up  oat 
of  a  well,  over  a  single  pulley  or 
roller ;  and,  in  that  case,  an  ordi- 
nary horse  will  draw  about  JMlb. 
as  before  observed. 

It  is  found,  that  five  men  are 
of  equal  force  with  one  horse,  and 
can,  with  equal  ease,  push  roand 
the  horizontal  beam  of  a  mill,  ia 
a  walk  40  feet  wide ;  whereas, 
three  men  will  do  it  in  a  walk  only 
19  feet  wide. 

The  worst  way  of  applying  the 
force  of  a  horse  is,  t»  make  hka 
carry  or  draw  up  hill :  for  if  the 
hill  be  steep,  three  men  will  4s 
more  than  a  horse,  each  Jasa 
climbing  up  faster  with  a  bnrdMi 
of  lOOib.  weight,  than  a  horse  ttst 
is  loaded  with  aOOlb.  ;  a  difference 
which  is  owing  to  the  positioa  of 
^he  parts  of  the  hoiniui  body  bdif 
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hEi^c  object  as  [h 
iilcuiustiikeninlhc 

" 

'■'^lil"*  whirl,'' 
principle,   Bi 

r 

ta  LAgnngF,  imy  he  oEpandcd  in 

»«!ria/i+jri  +  «*"+,  Ac.  where 


-    . +  Bi  tllBtil, 

+"  "*ri.?itM  "■'''^^Sfc'^.'e 

=/r  +  jrf  +  ff  +""  +il'+ftc, 

+  ro'  +  ic. 

+  .C  +  *c. 
nd/(i  +  o  =A  +  F»+so'-(-ru' 

r  {("+0)+!]  =/  (i+o)  +  ip 

(l  +  gJo  +  iclLC  +  tr+rto  +  ie.) 

=/i  +  pJ  +  lP+rP+il'  +&C. 

4-  po  -t-  p'ei+  s'ofH  "i'  +  *c. 


F  V  K— F  tP  H 


kjad .  since  this  series  mast  be 
identical  with  th^  former,  tlie 
Cerma  affected  with  tlie  same  iH>wers 
of  i  and  •  most  be  tlie  same,  inde* 
peiMent  of  any  values  ofl  and  o; 
consequently  we  shall  have, 

or  g=-,  r  =-,  s  =-,&c. 

t/ttfx  denote  the  co-efficient  of 
i,  or  that  part  of  the  second  term 
in  the  exiiansion  of/(x4-  0  whicli 
.is  independent  of  if  and  in  like 
mmnntr  let  f'Xt/WxtfvXf  &c.  de- 
note  the  co  efficienu  of  i  in  the  ex- 
pansions  off  {x  +  <),/"  {x  +  i),JHI 
|x+<),  &c. 

Thus  we  have  p  =//x ;  now  pi 
is  the  co-efficient  of  i  in  the  ex- 
pansion of  p,  when  in  p,  x  becomes 
JB'^is  that  is,  pi  is  the  co-efficient 
of  <  in  the  expansion  of  //  (x  -f  0* 

or  f/  =/%  and  .•.  5  ='~ ;  in  the 

same  manner,  ql  is  the  co*efficient 

f'[xA-i) 
of  I  1b  the  expansion  of  f 


or 


J/  =  ■'— ;  and  .•.  r  =''— ;  like- 
wise « :;=/!—.,'  &c       Substitating 

these  expressions  for  p,q, r,  &c.  in 
the  series /v  -4- pi  -H?^  +  rP  -f ,  &c. 
we  shali  get  this  fundamental  for- 
mala. 


^'i»  + 


P'x 
2.3.4 


2 


l«,&c. 


where /7 «,  ywx.  ///x,  /«»  x,  &c.  arc 
derived  from  fxffx,y"x,flix,  &c. ; 
in  the  same  manner,  namely,  by 
taking  the  co-efficient  of  i  in  the 
expansions  of  /  (x  + 1),  y?  (x  +  i). 

Hence,  if  for  every  function  of 
Mf  we  can  find  the  coefficient  of  i 
ill  the  expansion  of  f  (x  +  i),  we 
jnay  find  the  co-efficients  of  all 
the  other  powers  of  i, 

•f»  is  called  the  primitive  func- 
tion with  regard  to/'x,/'x,/'//x, 
*c.  which  are  derived  from  it; 
and  these  are  called  derived  func- 
tions with  regard  to/x. 

y^x  is  called  the  first  function, 
i"X  the  second  function,  y7//x  the 
third  fuBction.  &c.  of /x. 


.  If  a  letter  |r  be  irat  for  the  func- 
tion of  «,  and  y/,  y'^,  yW,  &c.  de- 
note the  first,  second,  third,  &c. 
functions  of  y;  then  when  x  be- 
comes X  4-  i,  y  will  liecome 

We  may  here  observe,  that  flx^ 
fix,  &c.  y/,  y'',  &c.  are  the  same  as 
the  fluxional  co-efficients 


(/*)•      (/*)" 


,  &c. ; 


y 

•  f 

X 


1« 


X  X* 

or  as  the  difi'erential  co-efficients 


tPy 


^.D«^x.ftc.i^, 


y;  — ^,  D'  y,  Ac. ;  and  that  the 
dx* 

al>ove  formula  agrees  with  Taylor's 
theorem,  that  x  flowing  uniformly 
and  becoming  x -^  v,  x  becomes  x 


77,  + 


l.SJi^ 


;-•+« 


•  +,  &e. 
1.2.3«»     / 

We  will  now  illustrate  what  has 
been  said  by  applying  it  to  the 
expansions  ot  the  functions  x"*,  a* 
and  log.  X,  when  x  becomes  x-4-  <• 
First  let/x  =  x»,  then  /  (x  -f  I)  = 
(x  4*  O*"  i  and  it  is  easy  to  show,  by 
the  first  operations  of  algebra,  that 
the  two  first  terms  of  the  expan- 
sion will  be  x"»  +  nup»—^i,  whe- 
ther  m  be  an  integer  or  a  fraction, 
positive  or  negative ;  conseqnenU^ 
Jfix  =  «ix« — 1 ;  again,  the  co-effi- 
cient of  i,  in  (x-{-i)'^ — *  expanded, 
is  (m— 1) .  x»— ^ ;  .•.  f"x=  m  .  («• 
— 1)  .  x"» — *:  and  in  like  manner 
fllx=:im  .  («— 1)  .  (IB— 2)  .  x«»— », 
&c. 

And  since 
/(x.f<)=/x+/xl-f^r»+,&c 


ix-\-iy» = x^-f  m*»— » i  -f 


*B(m--l) 
2 


arm— «  |«  -f  — 


(in  —  I).  («_2) 


2.3 

ajm—s  j3^  «tc.  which   is.  the  well- 
known  binomial  theorem. 

Next  let/x  =  a*,  then/  (x-f  i) 
=  ««  +  <  =  ««  .  a<;  now 

la<  =;  (I  -I-  a  —  ly  =  l  -V  i.V^'-^^ 


_i(o_,)S4.j[«_,s_,S„.l  ,, 


.■.o»"=;»r  + Ab«,(,  be. 

^^.*»+,  ftc.  =  iP,(i  +  lf  + 
Here,  if  »e  diride  by  if,  we  g« 
+,««.    or,  '^_^ 


n  =  l4-A+^-l-  ^,-i- 


=  «',QrAlslliclDBiiriIhni 


ruTSICAL  BCIEHCE. 

[  to  Ihe  biH  r.  Ihal  l,i  iVe  Mspe- 


By  which  muHiDn.    Dit  logi- 


-  =  l  +  H-i-  +  W+.&c. 


1 .1  =  (I  -  1)  -  I  (I  -  1)'  + 
i  (r- U"-.  6.C. 

■-+ii(r)-Ki)"+ 


derivnl  rBnetion  of  tb*  fli 
UKlf  ■  fancLion  ef  i,  uid  |i]u«i>'^ 
th(  dtrlvcd  fanctioni  o/  lh«  '- 

then/j  will  bKont/l)  +/'p". '•  + 

lion  of  X  when  <  IwcaniH  t  + 
p  bccDinn  ,+,^(  +  ^.(i+,ft, 
.■.*  =  ,^J  +  ^1»+,  <M.  wdi 
thu  be  inbtUtiiled  for*. /owil 


cooudcrcd  u  K  fiiDCUcinoi|ianly, 
V  being  icfirded  u  contunti  anil 
J'M  dcDota  tUe  Hnl  fuDctioB  of 
/(y.(),  e«nidcred  In  likemuuicr 
■■■raudonof  gonly.    Itliavi- 


MUnUoa.  TberefiirB  iBhiUlntlne 
m+ISott  in  rooiy,f(f,a)  will 
li«™"  /  O*.  () + ^Z"  (J)  - 1 +.  *» .  1 
and  •nUtluiiiK  i+i  for  z  in  ij 

««.b;-.2ai/ms^;ffi„„r 

thi>wgteltf«,..,(it<>. 
In  the  fonnlnf  cue ; 

■lid  uTlni  the  4nl  fnDctioii  of 
•Ui,  we|ct|i"l  and  m  dd. 


I  !f),  r  bclof  coDiidered  u  ■ 


"FST' 


We  slull  get  f-  b;  uklnf  tb< 

The  cq  u.y  Qiu  P  [I, »)  =  ojr  (I,  ■) 

'—  — md,  Ihltd,  it  derived 
ot  tkcprimlUve  ?(«,() 
id  an*  equiUon  mniied 

iu.d  F(i,rt  =  .,  U  died  u'eqo^ 
turn  of  lb  flnt  order;  orP''(t,ir) 

Havliii  shown  how  the  Hvend 

ciived   funcUoat  of  f   may   b« 

.iind,  when  w=fip.i).9"'9 

nmrnuiy  I,  and  coueqnentiy  hour 

/,  (P.  «)■  ""'y  l""  MIwndBd  when 

-  -iindB.j.  become!  I +  1;  let  u 

cnniider  how  we  (hall  And 

.nc  cxpanuDO  of  a  (bnctlon  of  Iwo 

'  bv  an  Indeterminate  qnaa- 
'in,la«oe.of/U,,),when 
nei  x  +  l,  and  f  become* 

r  iBppoM  Ihe  oiiangei  in  i 
w  lalle  J^K*  KparaMIVi 


(ATICAI.   ASD  PHTUCAL  tCIEHCK. 


l''?/^''-'^vJ°"?^"l?s5 


f.l...J-l..4.-'"^''+'l   . 


/V(i,  ,)  =  -^,  and 

■'"■'('.  *'=-'-^; 

/'"'(*.j)=-^  ;  "a  ««  "n» 

hncllon  of//V  (*,  y)  rsUti™  to  ., 
And   ili'it  conditton  matt  liiTs 


dp      > 


4co«    which 


»  U  M — F  V  V 


ite«tf|P  ^• 
therefore 


arise  frdm  the  expftnslon  of  a  fanc- 
tioQ  of  two  ormore  quantities,  that 
are  independent  of  each'other,  on 
.ilttribating  to  each  of  those  qnan- 
tities  an  indeterminate  increase. 

We  will  now  show  how  this  theory 
may  be  applied  to  those  purposes 
to  which  the  differential  or  flaxio- 
nal  calcnlus  is  usually  applied. 
"But  it  will  be  necessary  first  to  de- 
-  xnonstrate  the  two  following  pro- 
positions : 

1st.  That  y  being  a  function  x.  i 
may  be  taken  so  small  in  y  +  w  i 

**" a** ^"11**  +  **•  *****  •"y 

term  shall  exceed  the  sum  of  all 
the  following  terms  by  any  quan- 
tity less  than  itself,  provided  that 
the  quotient  of  any  term  divided 
by  the  preceding  is  in  no  case  in* 
finite. 

mil 

In  the  series  y-f-y'' 4*^  *''**** 
^1 


+ 


jfl^^ 


(p4-l).yi» 


nyp^      "*"(y+l).(j»+2)(i,+3) 


IP+1  + 


•the  ttOBsecutive  terms 

■  y*^> 


liH«,  &c.    let 


•■A  i^-.  I  ,v  *'*^'     be   such, 

«hat  the  co*emcient  of  the  latter, 
dUvided  by  that  of  the  former,  or 

"         .   .>    _  i«  not  less  than  the  co- 

efficient  of  an^  other  term  what- 

•  ever  in  the  senes,  divided  by  that 

of  the  preceding.    Then  if  |  be 

.        ^(«+l)  «"»  , 
taken  <      ^  ^.       (n  any  nnm- 

ber)  the  sum  of  all  the  terms  after 

any  term,  as  ^~  iP  will  be 

X.3a*«0 

<r— il— yfl^  (*»+i)«y'". 


jl^HH 


/(«t4-l).y»\^ 

\    ny»-^>      ' 
/(m+l).yw\ 


+ 
s 


(J»-Hi)-(3H-a).(lH-3)    \  »y«+i 
Jke.  I  and 
199 


(m4-I).y». 


«yp+*' 


+  &c 


.    I  si 


since 


ym+l 


is  not  > 


(#»+I)y«' 


or  ■'  —  ^  or   •■  » 

i,  +  *c.)or<,-£-5.«'x 

•- — -consequently  j   f^       .ii> 

will  exceed  the  sum  of  all  the  fol 
lowing  terms   by   a   quantity   > 

^       .IP  +  ^f.    Now,  if  IS 


2.3...JI 
=:«,orl< 


n— 1 

2ym+i 


yp 


2.3. . .« 
will  exceed  the  sum  of  the  follow- 
ing terms  by  a  quantity  >0;   and 
it  is  evident  by  takingn  greater,  and 

consequently  I  less,  that  ^  Z        ^' 

2.3.. .p 

may  be  made  to  exceed  the  scmi 
of  all  the  following  terms  by  any 

ftp 
quantity  <  ^-^ iP,  provided 


that 


ym+l 


S.3...|i 


is  in  no  case  infi- 


(»+l).y» 
nite. 

2d.  That  y  and  u  being  functions 
ofdr,  y=/x,  «=Fx»x  becoming  X 
+  if  and  y  and  «  becoming  y-{-ffl 

i  +  ^*f''\-^^  +  ^^'»  and«  + 

^i^'L.fi  +  ^fi  +  Sce.i  if  u 

=  y,  and  tf'  =:  y",  then  i  may  be 
taken  so  small,  that  the  value  of 

another  function  of  or,  v  =  ^  «,  or 

«//         v'lf 
v  +  i/i+  -<«+ --.is+&c.can. 

not  when  v  =  u  =  j/  fall  between 
the  above  values  of  y  and  u  unless 

LetjDs/(«+0-t(«  +  Oand 


=  f'         J  +  — J— .<»+ 

-  -\-&c.  =  :•*■{-  —  . 


(1+ Ohl'<'^(«+ ()'  "I'lhaii likt. 


full  teweeii  Ihe  vkIi.w  i,f  /  (i+ 1) 
.nd  F  (I  + 1),  unlcM  W  =  itf  =  «', 


^  .pjily  this  to  the  jjontKH  of 
»nir"riiinm'u!*of*»  'urve'^oie 

nnd  for  the  sake  o(  il'mpllciiyTiei 

equmlonstTll  K'come%  =  /'i,  t 
=  Vz.    Lci  now  aoolher  ordlniu 

Unce  1  fmni  tbi  /oimer,  Uiu  it. 


t  +  y'l  +  ^P  +  f^^P.&c.-.ini 
curoii.  is  •neli.thu  no  other  curve 


■differenn1eetee.,»ndc»lliOB 


Forejuunple.BriBhllincquionlr 


Mocking  (from  /«. 


elehl!.  This  is  clasicd  bj  soiof 
ithors  amoogst  the  sioiple  meclii 
cal  iH>»c»,  and  is  Ike  simple!.! 


4i«-^e  Ad 


dfrcetioii  of  the  cord»  Uiit  being 
evidently  neoeuary  for  establish* 
ing  an  eqailibrium :  folIoMrine  this 
methodi  we  may  reduce  all  the 
powers  which  acton  different  points 
Of  the  cord,  to  a  ^stem  of  powers 
which  act  on  the  same  point*  Then 
Tedaee  tliese  powers,  which  act  all 
on  the  same  point,  to  one  equiva- 
lent power,  and  we  shall  oltimatelv 
lurrive  at  two  powers  only,  which 
ooght  to  be  equal  and  acting  in 
contrary  directions,  in  order  to 
establish  the  perfect  equilibrium. 
FUSEE,  in  qiock-work,  is  a  me- 
chanical contrivance  for  equaliz- 
ing the  power  of  tihe  main-spring 


of  a  wateh ;  for  as  the  action  of  a 
spring  varies  with  its  distance  from 
the  qalescent  position,  the  power 
derived  from  the  force  of  a  spring 
requires  to  be  modified  according 
to  circumstances,  before  it  can  be- 
come a  proper  substitute  fox  a  nni- 
form  weight,  which  is  what  it  is 
intended  to  supply.  In  order, 
therefore,  to  correct  this  irregular 
action  of  the  spring,  the  fusee  on 
which  the  chain  or  catgut  acts  is 
made  somewhat  conical,  so  that  its 
radius  at  every  point  may  corres- 
pond with  the  strength  of  the 
spring. 


o. 


GAGE,  is  the  name  of  various  in- 
struments used  for  measuring  the 
state  of  exhaustion  in  the  air-pump, 
variations  in  the  barometer,  the 
depth  of  the  sea,  the  quantity  of 
rain,  &c. 

.  The  Gaos  of  the  AhrFump  is  of 
a  variety  of  forms,  as  the  Baromt- 
Ur  Gage,  the  Syphon  Oage,  the 
J'ear  Gage,  ice, 

Skort  Barometer  Gaci  is  a  tube 
about  eijg[ht  or  nine  inches  in  length, 
lilled  with  mercury,  and  immersed 
with  its  aperture  into  a  small  quan- 
tity of  the  same  fluid,  contained  in 
a  glass  vessel  which  forms  the  cis- 
|ern.  This  gage  is  either  placed 
under  the  receiver,  upon  the  prin- 
eipal  plate  of  the  air-pump,  or  it  is 
placed  under  a  separate  small  re- 
ceiver, on  an  auxiliary  plate  attach- 
ed to  some  pumps*  for  the  purpose. 
As  this  gage  is  not  equal  to  a  vrhole 
barometer,  it  will  not  begin  to 
show  the  state  of  exhaustion  till 
after  three-fourths  of  the  air  have 
been  extracted,  that  is,  when  the 
elasticity  of  the  remaining  air  is 
about  one  fourth  of  that  of  com- 
mon air,  the  barometer  itself  being 
bnt  about  one-fourth  of  the  usual 
height  of  the  mercury  ;  but  after 
'this  the  farther  decrease  of  elasti- 
city is  exhibited  by  the  sinking  of 
the  mercury,  and  a  graduated  scale 
atttached  to  the  instrument. 

■  There  is  another  gage,  cidled  the 
Long  Barometer  Gage,  which  works 
in  a  similar  manner,  and  indicates 
the  state  of  rarefaction  On  nearly 
^he  same  principles.    .  ,  ■ 


Sjfphon  Gags  differs  from  the 
short  barometer  gage  only  in  this  : 
that  instead  of  terminating  in  a 
small  cistern,  the  tube  is  b<rnt,  and 
rises  upwards  with  its  aperture, 
which  by  means  of  a  brass  tube  is 
made  to  communicate  with  the  in- 
side of  the  pump,  so  that  the  as- 
cending leg  of  the  tube  performs 
the  office  of  a  cistern. 

Pear  Gagx.  This  gage  does  not 
indicate  the  rate  of  rarefaction  as 
it  proceeds,  but  shows  the  ultimate 
state  to  which  it  Was  carried  after 
the  re-admission  of  the  air.  The 
gage  is  suspended  in  the  receiver, 
and  exhausted  to  the  same  degree ; 
but  when  this  is  carried  on  as  far 
as  is  intended,  the  open  orifice  of 
the  gage  is  let  down  into  a  vessel 
of  mercunr,  which  upon  the  re-ad- 
mission of  the  air  is  forced  into  the 
pear,  and  thus  the  ultimate  state 
of  rarefaction  is  determined. 

Gagx  of  the  Barometer,  esti* 
mates  the  exact  degree  of  the  rise 
or  fall  of  the  mercury  in  the  baro- 
metrical tube.  It  is  obvious  that 
virhen  the  mercury  sinks  in  the 
tube  it  rises  in  the  cistern,  and  vice 
versa  ;  and  as  ttie  distance  between 
the  divisions  graduated  on  the 
scale,  and  the  surface  of  the  nrer- 
cury  in  the  cistern,  is  not  truly 
shown  by  the  numbers  on  the  scale, 
errors  must  happen  in  determining 
the  exact  height  of  the  mercury. 
To  remedy  this  inconvenience,  a 
line  is  cut  upon  a  round  piece  of 
ivory,  which  is  fixed  near  th«  cW 
tern:  thUl'me  iAaccuxtl.vc^>)  -^Vmm 


lion  It  app«^,'tha[  If  th«c  mark 
arc  niiidc  to  ccilncldf,  by  rai<in 


rtv^'"&:' 


cylinder,   is  KtachEd   n    imalJe 
itat  ilmws  ilie  hright  of  •nlri  bj 


lyLinder  which  ii  exposed  Id 
A  rain-gigd  aboaLd  be  plsced  In 


GAL-^OAL 


tiMlt  or  aoae»  which  en- 
compMBCs  th«  beaTens,  Ibrming 
ly  a  great  circle  of  the  celestial 
Kfhwtk  It  is  inclined  to  the  plane 
of  the  ecliptic  at  aboat  an  angle  of 
M^f  aad  cote  it  nearly  at  the  two 
loutltial  poin^  It  traverses  the 
MNUtrilaoons  Cassttmela,  Perseas, 
▲■rifa,  Orioa*  Oemiai,  Canis  Mi^, 
and  the  Ship,  where  it  appears 
BMMt  brilliant  in  soathern  latitudes; 
It  then  passes  thnrng h  the  feet  of 
the  Oentanr,  the  Cross,  the  southern 
IMang le,  and  returns  towards  the 
Mitli  fay  the  Alter,  the  tail  of  the 
Scorpion,  and  the  arc  of  Sagitta* 
vins»  where  it  divides  into  two 
btaoches,  passing  through  Aqnila, 
Sagitta,  the  Swan,  Serpentarius, 
the  head  of  Cepheos,  and  returns 
into  Cassiopeia.  Its  white  appear- 
Mice  is  attributed  to  an  immense 
inltltnde  of  very  small  or  distant 


GALLON,  an  English  measure  of 
capacity,  being  equal  to  4  quarts 
or  8  pints. 

Oub»  Jneket, 
The  gallon^  wine  measure, 
contains  ••••••••  9SI 

Ditto  beer  measure   •  •  •  S82 
Ditto  dry  measure  •  •  •  • 


GALVANISM,  an  interesting 
branch  of  science,  thus  named 
after  its  discoverer,  professor  Gal* 
vani  of  Bologna.  Galvanism  com- 
prises all  those  apparently  electri- 
cal phenomena- arising  from  the 
chemical  agency  of  certain  metals 
With  different  fluids. 

Galvani's  experiments  have  been 
repeated  by  many  eminent  philo- 
sophers, both  on  the  continent  and 
In  this  country.  None  of  them, 
however,  added  any  thing  new  to 
what  Galvani  had  himself  disco- 
vered, excepting  the  celebrated 
Yolta,  whose  improvement  was  so 
decided,  that  the  science  itself 
has  nearly  changed  Its  name,  tak- 
ing that  of  Yoltaism  instead  of 
Galvanism. 

When  we  view,  indeed,  the  nu- 
merous facts  that  have  been  added 
to  the  labours  of  Galvani,  his  dis- 
coveries form  bat  a  very  small 
part  of  the  whole  mass,  whereas 
a  great  many  of  them  are  due  to 
Yolta.  Yet  when  we  recollect 
again,  that  the invesUg^tioa  began 
witb  the  former,  and  was  in  a 


great  degree  promoted  by  his  own 
perseverance,  we  must  ever  con- 
sider him  as  a  principal  in  this 
extensive  field  of  research ;  and 
cannot,  without  injustice,  deprive 
him  of  the  honour  which  has  been 
conferred  upon  him,  of  giving  his 
own  name  to  the  science  which  he 
discovered  and  promoted. 

Philosophy,  however,  is  infinite- 
ly indebted  to  Signor  Yolta,  it  be- 
ing to  him  that  we  owe,  in  a  great 
measure,  the  rapid  progress  that 
has  since  been  made  in  this  inte- 
resting branch  of  philosophy. 

He  repeated  the  experiments  of 
Chilvani,  and  found  that  when  two 
pieces  of  metal,  of  different  kinds, 
were  placed  in  different  parts  of 
an  animal  at  the  same  time,  that 
the  metals  were  brought  in  conr 
tact,  or  were  connected  by  a  me- 
tallic arc ;  as  often  as  the  contact 
was  made,  convulsions  were  ol>- 
served.    He  found  that  the  great- 
est was. produced  when  the  metals 
were  sine  and  silver.    When  seve- 
ral pairs  of  metals  were  employed,- 
baring  pieces  of  moist  cloth  be- 
tween them,  the  effect  appeared 
to  increase  as  the  number  of  pairs. 
This  important  discovery  of  accu- 
mulating the  effects  of  this  species 
of  electricity  was  made  by  Yolta 
in  1800,  and  hence  has  been  deno- 
minated the  Voltaic  pile.    The  ap< 
paratus  first  made  by  Yolta  con- 
fcisted  of  a  certain  number  of  pairs 
of  zinc  and  silver  plates  separated 
from  each  other  by  pieces  of  wet 
cloih ;  the  arrangement  being  a» 
follows :  zinc,  silver,  wet  cloth ; 
zinc,  silver,  wet  cloth,  and  so  on. 
The    silver   plates  were    chiefly 
silver  coins,  the  plates  of  zinc  and 
the  pieces  of  cloth    beins  of  the 
same  size.     He   found   this   pile 
much   more  powerful,   when  the 
pieces  of    cloth    were   moistened 
with  a  solution  of  common  salt  In- 
stead of  pure  water,  and  an  appa- 
ratus consisting  of  forty  pairs  of 
plates  he  found  to  possess  the  pow 
er  of  giving  a  very   smart  shock, 
similar  to  that  of  a  small  electric 
jar ;  and  that  this  effect  took  place 
as  often  as  a  communication  was 
made  between   each  end  of  the 
pile,  and  as  long  as  the  pieces  of. 
cloth  remahied  moist. 
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nometrieal  operations  which  have 
been  executed  for  the  pnruose  of 
measuring  the  lengths  of  degrees 
in  dilTerent  latitudes;  or  to  the 
surveys  of  whole  countries. 

GEOGRAPHY,  the  doctrine  or 
knowledge  of  the  earth,  or  a  de* 
scrlption  of  the  terrestrial  globe, 
and  particularly  of  its  known  ha- 
bitabie  parts,  with  all  its  sabordi- 
nate  divisioiis,  &c. 

GBOMli^RICAL,  any  thing  re- 
lating to  the  science  ot  geometry. 

GEOHETtLlGAhA$iahfti*'  See  ANA- 
LYSIS. 

GioMBTftiCAL  Xrlfie  or  Curve, 
otherwise  denominated  algebraical 
curve,  is  that  wherein  the  relation 
of  the  absciss  to  the  ordinate  may 
be  expressed  by  an  algebraical 
equation  ;  being  thus  distinguished 
from  a  transcendentai  curve,  in 
which  no  such  relation  has  place 
between  the  absciss  and  ordinate. 
See  CuRTB. 

Gboxbtrical  Locue,  See  Locos. 

Gbombtbical  Progression  and 
Proportion.  See  Pboorbssion  and 
Pbopobtion* 

Gbohbtbical  Solution,  is  that 
which  is  obtained  from  the  simple 
principles  of  geometry. 

GEOMBTRIG  ALLY,  according  to 
the  principles  of  geometry. 

GEOMETRY,  originally  implied 
the  measuring  of  the  earth,  or  that 
part  of  science  which  is  now  call- 
ed Geodesy.  In  its  modern  and 
more  extended  sense,  it  may  be 
termed  the  science  of  magnitude, 
figure,  and  relation.  Being  ap. 
plied  to  the  investigation  of  exten- 
sion of  qne  dimension — length ;  of 
two  dimensions — surface;  and  of 
three  dimensions— solidity  or  body; 
as  also  to  the  various  properties 
.and  circumstances  which  arise  from 
their  nature  and  position,  and  the 
relations  or  ratios  which  they  bear 
to  each  other. 

Geometry  is  distinguished  into 
several  denominations,  as  analjfti- 
ctU^lementarjf,  practical,  &c. 

Elementary  Gboxbtby,  is  that 
which  treats  of  the  properties  and 
proportions  of  right  lines,  and  right 
lined  figures,  as  also  of  the  circle 
and  its  several  parts,  and  is  either 
theoretical  or  practical. 

Theoretical  Gbombtry,  has  for  its 
object  the  establishing  of  geometri- 
CAJ  truths. 
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Mh'oetleal  Giokbtrt,  reUtet  to 
the  performance  of  geometrical 
operations,  aoeh  as  the  conslmetiao 
of  figures,  and  the  drawing  of  lines 
in  certain  positions,  as  parallel, 
perpendicular,  fto.  to  other  ghren 
lines;  in  application  of  thetnob 
established  by  the  theory. 

The  Higher  or  TremseenieaUl 
Gboxbtry,  is  that  which  treats  of 
the  higher  order  of  carves  lad 
problems. 

The  origin  of  geometry  is  hiddca 
in  obscurity ;  but  we  can  scarcely 
conceive  any  state  of  socie^,  ham- 
ever  rude,  in  which  somethug  like 
the  first  principles  of  geometry  ^ 
not  exist.  As  soon  as  man  begaa  to 
relinquish  his  wandering  and  as- 
vage  life,  and  taste  the  pleasam 
of  social  intercourse ;  as  sooa  as 
laws  were  framed  to  secaretociek 
individual  the  result  of  his  ows  ir 
dnstry  and  laboar,  the  lands,  whieh 
had  before  yielded  spontaneooily 
all  that  he  required  in  his  barts- 
rons  state,  stood  now  in  needrf 
cultivation,  in  order  to  reate 
their  productions  subservient  to  Ui 
more  refined  appetites,  and  to  ihe 
necessitiefl  of  his  family,  or  the  lit* 
tie  society  to  which  he  bcloBgcdi 

It  is  generally  sufMioscd  that  Um 
Greeks  derived  their  first  1umv> 
ledge  of  the  sciences  from  the  wte 
gi,  or  priesto  of  Egypt,  and  it  «ai 

f»robably  known  in  that  coasby 
ong  before  the  timeof  Thales,«l» 
is  said  to  have  acquired  his  k>o«- 
ledge,  both  of  geometry  and  am* 
nowy,  from  these  people.  PiW 
are  informed  by  Herodotos,  that 
this  philosopher  predicted  • 
eclipse,  so  memorable  for  the  eat- 
sequences  which  attended  it ;  aii 
as  the  prediction  of  an  edkpisk 
very  far  from  an  elementary  fir 
blem  in  astronomy,  -«re  may  f» 
same  that  the  sciences  had  aucdif 
attained  a  considerable  degree  af 
perfection  at  this  time. 

Soon  after  this  period,  thati^ 
about  500  years  B.  C.  PythMOiM^ 
a  friend  and  pupil  of  Thales,^pi> 
to  illuminate  the  world  by  uiw 
portant  discoveries.  At  tliia  peril' 
also  flourished  Anaximander,  ■■' 
soon  after  Anaximenes,  Anaxifi' 
ras,  and  Cleostratus ;  these  «aia 
all  eminent  in  astronomy  aud  ft*' 
metry.  OEnopides,  480  B.  C.  «<** 
\\««ccu«^  %«atELeter«  author  of  stf 
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Bil  mklMBi^  Md  lib  ecmtampora. 
fy,  aknodoCM,  is  the  flnt  of  the 
iuielentt  whose  werks  have  heen 
handed  down  to  o» ;  all  before  his 
thne  havlim  been  lost  or  destroyed. 
Aboot  this  time  also  tkmrished  Hip. 
pocrates  of  Chios,  who  distinraisn. 
ed  hlnaeir  by  the  eelebrated  qna- 
dratare  ef  the  lones  >rhich  hear 
his  aame,  as  well  as  hv  his  diseo- 
▼efies  emineeted  with  the  problem 
otSmMing  </ke««te»  which  excited 
pvat  interest  amongst  the  ancient 
Mathematicians  of  this  period.  It 
Is  said,  that  Apollo  ha  vine  aflBic^ 
cd  the  Athenians  with  a  dreadful 
pestUence,  to  i^venge  an  affront 
mm  had  received  from  them,  the 
oimele  of  the  temple  Delos  being 
coBsalted  on  the  means  of  appeas- 
ing his  wrath,  answered,  Xhuble 
the  aUer,  which  being  a  perfect 
cube,  gave  rise  to  this  celebrated 
problem.  The  question  at  first  ap- 
peared easy,  bat  the  mistake  was 
aoon  discovered,  and  all  the  geniqi 
of  the  Greek  mathematicians  was 
nnable  to  produce  a  complete  solu- 
tion. Hippocrates  found,  that  if 
two  geometrical  mean  proportion- 
als could  be  inscribed  between  the 
aide  of  the  given  cube,  and  double 
that  side,  the  first  of  these  two  lines 
would  l>e  the  side  of  the  double 
cube.  This  discoverv  revived  some 
hopes  of  obtaining  the  required  so- 
lution, but  it  soon  appeared  that 
the  difficulty  was  merely,  changed, 
and  not  in  the  least  diminished, 
and  that  it  still  presented  obstacles 
that  were  insurmountable.  This 
did  not,  liowever,  discourage  other 
mathematicians  from  following  up 
the  puisuit;  and  several  curious 
geometrical  properties  were  the  re- 
sult of  tiiese  investigations,  the 
Qmchold  of  Nichomedes,  the  CU- 
soid  of  Diodes,  and  the  (^dratrix 
of  Dinostratus,  owe  their  origin  to 
the  same  source. 

Passing  over  some  geometricians 
and  astronomers  of  less  note,  we 
come  to  Plato,  who  cultivated  both 
astronomy  and  geometry  with  great 
assiduity,  about  300  years  B.  C. 
The  celebrated  inscription  that  he 
caused  to  be  placed  over  the  door 
of  his  school,  "  Let  no  one  enter 
here  who  is  ignorant  of  geometrv," 
is  a  proof  of  the  high  estUnation 
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in  which  he  held  the  latter  science. 
To  this  philosopher  we  owe  the  in- 
troduction of  the  conic  sections 
into  geometry,  and  his  disciple 
Aristeus  is  said  to  have  composed 
five  books  on  these  figures,  of 
which  the  ancients  have  spoken 
with  the  greatest  commendations* 
buty  nnfortnnately,  they  have  not 
been  transmitted  down  to  our  time. 
Besides  Aristeus,  Plato  numbered 
amongst  his  friends  or  scholars 
Bodozns,  Menechmns,  and  Dinos- 
tratus; the  former  of  whom  was 
very  celebrated  for  his  extensive 
knowledge  in  geometry  as  well  as 
in  astronomy;  Menechmus,  for  his 
application  of  the  conic  sections  ta 
various  problems;  and  the  latter 
for  the  invention  of  the  Quadratrbt, 
as  applicable  to  the  problem  of 
doubling  the  cube,  which  seems  ta 
have  been  tlie  germ  of  what  is  now 
termed  the  geometrical  analysis*   | 

It  was  about  ninety  years  frons 
the  time  of  Plato  to  that  of  Buclid. 
during  which  time  all  the  sciences 
were  contiderably  advanced  and 
extended,  and  treatises  on  parti- 
cular subjects  appeared  from  time 
to  time,  in  which  all  the  proposi* 
tions  then  known  were  collected 
and  arranged  in  systematic  order^ 
which  was  the  object  of  Euclid  in 
in  his  celebrated  "  Elements,"  a 
work  too  well  known  to  need  any 
particular  description.  At  that 
period  the  Grecian  sciences  were 
m  their  meridian  splendour ;  Archi- 
medes, one  of  the  greatest  geome- 
ters that  ever  appeared  in  any  age 
or  country,  followed  soon  after  the 
time  of  Euclid.  His  universal 
genius  led  him  to  the  contempla- 
tion of  almost  every  species  of 
human  knowledge.  In  geometry- 
he  discovered  the  ratio  between 
the  sphere  and  lu  circumscribing 
cylinder,  found  the  quadrature  of 
the  parabola,  and  the  solidity  of 
its  conoid ;  he  invented  the  spiral 
which  bears  hb  nari^e,  and  discot- 
vered  its  rectification;  beside  a 
great  variety  of  other  important 
and  interesting  geometrical  propo* 
sitions. 

At  the  distance  of  about  fifty 
years  after  Archimedes,  Apollo- 
nius  cultivated  the  mathematical 
sciences  with  the  greatest  possible 
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rerretifial  Globt,  and  that  which 
bas  a  map  of  the  heavens  the 
Deiestua. 

The  prhicipal  parts,  which  are 
cmnmon  to  both  globes,  are,  1. 
rhe  two  poles  whereon  the  globe 
is  snpportedy  representing  those  of 
the  ewrth  or  heavens.  2.  The  meri- 
dian, which  is  dlTided  into  degrees, 
and  passes  through  Uie  poles.  3. 
rhe  horizon,  whose  upper  side  re- 

Eesents  the  horizon,  and  is  divided 
to  several  circles,  one  of  which 
Dontuns  the  twelve  signs  of  the 
Bodiac,  subdivided  into  their  de- 
grees; another  the  calendar;  a 
third  the  points  of  the  compass; 
and  a  fourth,  the  quadrants  divided 
into  degrees,  and  numbered  both 
ways  for  estimating  azimuths  and 
amplitudes.  4.  A  quadi-ant  of  alti- 
lode,  divided  into  ninety  degrees 
from  the  horizon,  5,  The  hour 
circles,  divided  into  twice  twelve 
hours,  and  fitted  on  the  poles,  with 
an  index  to  point  out  the  hour. 
A  mariner's  compass  is  sometimes 
added  on  the  twttom  of  the  frame ; 
and  a  semicircle  of  position  is 
BOBietimes  fixed  in  the  east  and 
■rest  points  of  the  horizon. 

On  the  surface  are  delineated, 
!•  The  equinoctial  line,  divided 
into  909  degrees,  commencing  from 
the  vernal  intersections.  2.  The 
BCliptic,  divided  into  twelve  signs, 
and  these  subdivided  into  degrees. 
I;  The  zodiac.  4.  The  two  tropics, 
i.  The  polar  circles.  6.  Meridians 
at  every  hour,  or  15^  of  latitude, 
beginning  (in  British  globes)  at 
Greenwich. 

What  else  belongs  to  globes, 
tilher  as  to  construction  or  descrip- 
tion, is  different  as  the  globe  is 
either  celestial  or  terrestrial. 

Yery  large  globes  have  been 
made  in  different  parts  of  Europe, 
as  at  Gottorp,  Paris,  &c. ;  but  we 
believe  they  are  all  inferior  in  size 
to  one  erected  at  Pembroke  Col- 
lege, Cambridge,  under  the  direc- 
tion of  the  late  Dr.  Long.  The 
description  of  this  machine,  in  the 
doctor's  own  words,  is  this : — "  I 
have,  in  a  room  latelv  built  in 
Pembroke  Hall,  erected  a  sphere 
of  eighteen  feet  diameter,  wherein 
thirty  persons  may  sit  convenient- 
ly ;  the  entrance  into  it  is  over  the 
ioath  pole,  by  six  steps :  the  frame 


of  the  sphere  consists  of  a  number 
of  iron  meridians,  not  complete 
semicircles,  the  northern  ends  of 
which  are  screwed  to  a  large  round 
plate  of  brass,  with  a  hole  in  the 
centre  of  it ;  through  this  hole, 
from  a  beam  in  the  ceiling,  comes 
the  north  pole,  a  round  iron  rod, 
about  three  inches  long,  and  snp- 
irarts  the  upper  parts  of  the  sphere 
to  its  proper  elevation  for  the  lati- 
tude of  Cambridge :  the  lower  part 
of  the  sphere,  so  much  of  it  as  is 
invisible  in  England,  is  cut  off; 
and  the  lower  or  southern  ends  of 
the  meridians^  or  truncated  semi- 
circles, termmate  on,  and  are 
screwed  down  to,  a  strong  circle 
of  oak,  of  about  thirteen  feet  dia^ 
meter,  which  when  the  sphere  is 
put  into  motion  runs  upon  large 
rollers  of  lignum  vitae,  in  the  man- 
ner that  the  tops  of  some  windmills 
are  made  to  turn  round.  Upon 
the  iron  meridians  is  fixed  a  zoaiac 
of  itin,  painted  blue,  whereon  the 
ecliptic  and  heliocentric  orbits  of 
the  planets  are  drawn,  and  the 
constellations  and  stars  traced  :  the 
Great  and  Little  Bear,  and  Draco, 
are  already  painted  in  their  places 
round  the  north-pole ;  the  rest  of 
the  constellations  are  proposed  to 
follow :  the  whole  is  turned  round 
with  a  small  winch,  with  as  little 
labour  as  it  takes  to  wind  up  a 
^ack,  though  the  weight  of  the 
iron,  tin,  and  wooden  circle  is 
about  a  thousand  pounds.  When 
it  is  made  use  of,  a  planetarium 
will  be  placed  in  the  middle  there> 
of.  The  whole,  with  the  floor,  it 
well  supported  by  a  frame  of  large 
timbers." 

Since  this  was  written,  in  1758, 
the  constellations  and  chief  stars 
visible  at  Cambridge  have  been 
painted  in  their  proper  places, 
upon  plates  of  iron  joined  together, 
which  form  one  concave  surface. 
It  is  said  that,  since  the  death  of 
Dr.  Long,  this  curious  structure 
appeass  to  have  been  much  neg- 
lected, and  now  exhibits  strong 
tokens  of  decay ;  although  the 
Doctor  made  ample  provision  for 
keeping  it  in  constant  repair. 

GLOBULAR,  relating  to',  or  par- 
taking of  the  nature  of  a  globe ; 
thus  we  say,  globular  chart,  globt^ 
lar  saUing,  &c. 
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GNOMON,  in  Attronomf,  i»  as 
Initrament  or  apparatas  tor  mear 
soring  the  altUuaes,  declinationSf 
Sec.  of  the  tun  and  stare.  The 
gnomon  is  nsaall  v  a  pillar,  or  co- 
la mn,  or  pyramid y  erected  upon 
level  groand,  or  a  pavement.  For 
making  the  more  considerable  ob- 
servations, both  the  anoients  and 
moderns  have  made  great  use  of 
it,  especially  the  former ;  and 
many  have  preferred  it  to  the 
smaller  quadrants,  both  as  more 
accurate,  more  easily  made,  and 
more  simply  applied. 

The  elevation  of  the  pole  may 
be- found  by  means  of  the  gnomon, 
by  finding  the  meridian  height  of 
the  sun;  for,  this  being  given,  we 
have  the  elex'ation  of  the  equator, 
and  consequently  that  of  the  pole. 
The  meridian  height  of  the  sun 
may  be  found  by  taking  the  length 
of  the  shadow  at  mid-day.    Then 

As  the  length  of  the  shadow 

Is  to  the  height  of  the  gnomon  $ 

So  is  radius 

To  tangent  of  sun's  altitude. 

If  the  gnomon  be  perfectly  erect, 
the  ground  (or  rather  pavement) 
perfectly  level,  and  a  number  of 
concentric  circles  be  drawn  from 
the  gnomon  as  a  centre,  the  meri- 
dian may  also  be  found  by  observ- 
ing the  longest  shadow;  or,  at  a 
time  when  the  variation  in  decli- 
nation is  very  small,  as  for  instance 
at  the  summer  solstice,  the  points 
at  which  the  shadow  touches  a 
circle  in  the  morning  and  evening 
may  be  marked,  and  the  arch  be- 
tween theui  bisected. 

Gnomon,  in  Diallings  is  the 
style,  pin,  or  cock  of  a  dial,  the 
shadow  of  which  points  out  the 
huurs.  This  is  always  parallel  to 
the  earth's  axis,  and  points  to  the 
north  and  south  poles. 

Gnomon,  iu  Geometry,  is  the 
space  included  between  the  lines 
forming  two  similar  parallelo- 
grams, of  which  the  smaller  is  in- 
scribed within  the  larger,  so  as  to 
have  one  angle  in  eacli  common  to 
both. 

GNOMONIC,  or  Gnomonical 
Projection,  that  which  represents 
the  circles  of  a  hemisphere  upon  a 
plane  touching  it  in  the  vertex,  by 
lines  or  rays  from  the  centre  of 
the  hemisphere  to  all  Uie  points  of 
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th«  ciralet  to  b«  jpn^***^  ^ 
this  projeetioii,  all  tne  creatckoks 
of  the  sphere  are.  projected  iata 
right  lines*  Any  lesser  circle  pi^ 
rallel  to  the  plane  of  prqjeetioBtis 

firojeeted  into  a  eircle.  And  tinf 
esser  circle  not  parallel  to  the 
plane  of  projeetion,  is  prqjeetei 
into  a  conic  secflou.  The  gnooMV 
nic  projection  is  called  the  ktfi- 
logiogrt^pMe  jnytfectimi,  beeasN 
it  is  the  foundation  of  dialling. 

GOLDEN  Nuwtber,  a  namber 
shewing  what  year  of  the  Metoaie, 
or  lunar  cycle,  any  given  year  is* 
To  find  the  golden  nninber,  add  I 
to  the  given  year,  and  divide  Uie 
sum  by  10 ;  what  remains  will  be 
the  golden  namber;  naless6 re- 
main, for  then  I9  ia  the  goldca 
number. 

GONIOMETBR,  an  instmiaesC 
for  measuring  solid  angles,  parti^ 
cularly  in  crystals. 

GONIOMI^RICAL  lAmes,  m 
lines  employed  in  measuring  or  de- 
termining the  quantity  of  angles; 
such  as  sines,  tangents,  secants,  te. 

GONIOMETRY,  the  art  of  mes- 
suring  angles,  whether  on  paper  or 
on  the  earth,  by  means  oif  iaMra* 
ments  proper  for  the  pntpose.  Is 
the  former  case  this  Is  perfonned 
by  means  of  a  protractor,  or  a  Uas 
of  chords ;  and  in  the  latter,  by  the 
theodolite,  qnadrantt  or  cireoafB* 
rentor. 

GRADUATION,  the  art  of  divt^ 
ing  into  degrees  or  other  parts. 

GsADUATioN  of  MathcmmtJemi  B^ 
struments,  is  the  process  by  wUeh 
arches  of  qoadranU,  theodolites, 
and  circular  inatmoients  are  di* 
vided  into  degrees  and  other 
smaller  subdivisions*  The  aeca* 
racy  of  this  operation  is  of  the 
highest  importance  in  practical  as- 
tronomy and  surveying,  and  ithai 
accordingly  engaged  the  attentios 
of  many  celebrated  mecbusnie^ 
and,  latterly,  very  ingenious  sss- 
chines  have  been  invented,  wUeh 
perform  it  with  a  wonderfai  dc* 
gree  of  accuracy.  The  most  eele> 
brated  of  them  are  by  Ramtd— 
and  Troughton. 

GRAIN,  a  small  weight,  bdig 
the  480th  part  of  an  ounce  troy* 
weight,  or  apothecaries  weight;  ud 
very  nearly  the  7,000thi  part  of  A 
pound  aToirdopoia* 


IM  poiret  or  (cadency  b^  wUic 


Kepler   ouinlly    nnbeticd    ilie 
fDllawln||>ni«leiu:  Wfay  da  the 

tll^ttc  orbiu;  ih*  furmtt 


Kepler  biiBKirhKd  fncmnlcfrtai 
hjrpotbeut.  e»Tity,  he  inys. 
only  ■  BMtwU  ud  CHporal  uftiii 

1hmIm*4*>ii>  md  u>  the  £^111"". 
tka  warldt.bntiaUiuof  tberuuii 
body  nt  which  ihey  (torm  ■  pan 
■■d  If  tlic  earth  *«re  Dot  ipherica 
hesTy  bodlc*  would  not  fill  u 
ward!  lu .  centre,  bal  lonrda  dl 
feicM  polBU)  which  caaJEelnr 
hai  been  ilnc*  vended  by  eiperl- 
•DCDt.  The  carm,  It  ii  foiuid,  1> 
out  a  perfect  .plicrc,  ud  heavy 
bodiea  ^lin.  lowardi  it  have  uol 
Iliclr  motion  directed  in  a  line  u 


ritici  aroie  (rani  the  action  i 

Fermat,  who  preceded  Kepter, 
■filmed.  Itall  the  weight  oC  a  bt.<ly 
wu  Ibe  mm  of  the  tendenci  - 
all  lU  paniclei  to  all  the  pur 

Dr,  Kook,  a»  •  meatini  b 


Royal   Socle^>  Kay  1,1001,  a^ 
rancad  Iho  three  lillowiui  poaW 

"  1!  That  all  the  heavenly  bodlea 


tieely  adjusted  to  in   devt. 

bad  a  perfect'  ei'i^le  raund 

_allontbe  table  1  but  wlien 


lional  to  the  dmance  from 
le  year  WW,  Newton,  havi- 


_UH  of  the  planetary  molioni, 

iral  (o^'c  by  which  they  ar«  i* 
'  led  in  their  orbiui  and  it  a» 


'hathematical  AKD 

CBTTtd  in  him,  that  probrtly 
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Now  tk*  d^ 


;«« o'Jfr. » 


clftKlBgalw  known  in  feci,  ai 
>eil  ai  tCe  euct  lima  of  nne  Iniui 
BvolnlloD,  It  1>  caiy  to   find  ibi 


be  Htnnltud  ID  the  leu  of  caleu. 

llie  moon  deKsribei  iaonc  aecoiul. 

and  bence  again  tbe  veried  tine  of 

thatarcln(»t:which.aiob.er<td 

ss^^^^iirf^TiS-ftairri-d 

al»ve,onibttobeWM». 

This  doctrine  nflKSate  gravlla- 

Uon  has  been  the  ioarce  of  dlnaui 

beutt«tled  by  the  Men  of  glilnc 
a    lelf-aperatini    P*»"r  to  inert 

forlheacualeKiiteneeoraueliDl- 

ruile.    Some  have  had  the  eaa- 

f:?'t:.%r;i'x/frJ'oSre"d: 

waa  not  uaMly  what  he   coola 

mcK  'ace  wKJti^'iJ^i'S'j  q^ilj 

of  mailer :  and  othera  have  (nv^T 

rSSr£';SSr^i 

These  latter  have  beeDroaDdlyec- 

.reebjPiird.    11.»  attempt  .« - 

hnwever,  to  aiaien  a  canse,  and  ba 

oulli,    and    ■^''sage.    Bat   ifaeit 

dt"unirQ"™m«n'lo''brM!emr- 

Il.at  Profcoior  Vinee  availed  biB- 

ti*  ai  a  heavy  body  at  in  .urface, 
we  ihall  liave,  by  calling  Ihe  force 
■t  the  gdrfac^  1,  u  W:  1:1: 
J_,  (or  the  furce  of  tbe  earth-i 

|r,^:^.?^™lo^rr.^"'?a.v«^ 

rished  various  proofs,  that  alfUx 

(ravily,  at   ()<e   distance   of  the 

lieaTy  bodv  at  the  uirAct  fallt 
UWi  feet  In  one  .ecund  of  li~e, 

Soaniity  mnlUplied  by  velnriV, 
which  in  ail  eaiei  It  traiurernd 

the  ume  body  placed  at  the  dii- 

from  bodylo  body,  or  from  turn 
to  atom.    Thoi  Sir  Bichmrd  c<*- 

tanee  uf  the  n.o^.  would  only  fall 

through  ItW  feet  In  a  Meond,  or 
VfOn  feet    iiTa  mmoleibKaaiie 

Botinc  tbemoon*"be  reioined  in 
Kei  whit  by  ihia  force,  that  her 
defleciioH  fnm  (be  taneent  to  htr 

itons  qaite  adequate  in    the  «• 

dnetioo  of  the  phenomena  o(  ^ 
uetaiy  aegfcgauon,  or  of  the  ftU 

"  If,"  says  Sir  Richard,  •■  tha 

'fiW  *■««'  *"  "'•'  Mcond  ;  or,  which 
it  i¥e  MFne,  iba  TUKd  tini  of  Oa 

rotat^  f^e  acted  by  l(;elt  i^ 

[>f  the  carlb  hito  ■! 


Uw  Telocity 

Inr  ^cfij  or  cuUapH, 


would  coiuiBntly  rc|jrewnt  Ihj 
tmrjriDB  forcei,  Hnd  wuuid  produ 
ui  EqiiAl  druouiil  niatlan  La  t 
•diuuin  ndtm  of  the  pUnct. 

•'AsnfaE  dI  hi  f««  of  Htiwnpliei 
llr,  *iih  ■  dmiiiv  -MIU,  Kvolv 
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at  the  nte 
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(nut  ufwa 
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'ftmnh  mo™. 
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S     ...d    B 
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uury  -elDcl-y 

■(  llie  eqamtni 

Uie  nili 

ta  tB-mu  for 

nwUI  «t  10,  «n 

d'ieiJ  for 

U,iuBrly.    ir 

then  *e 

ttiB  IniUi'l  velooiLy.  u 

^thefcluil: 

in  the  fin 
d  In  Ihb  « 

In*i:ufrr>in'r)i 

trmh,  tl 

d*""'^;* 

«ill,1ntu 

cone  lad 

.;;rre^i 

».4B   i 

dcniilly.  If 

mym 

Onvlution, 

th«*(D 

re.  OK  lhl» 

SST 

bfi-^iiijs;;. 

"Sr^T 

bJiwItb 

hwantl 

r»l.  Tht 

"  Imario  on  Ihelr 

M*M,  "i 

nd    of 

|>lancU    DB 

tlier.fll 

d  ucrlbe. 

ou.m«liunl«hi<:k 

fin>  .PH.,  "which  fore 

hiru 

nn-^tli  <» 

M«nf 

»c».    1-|» 

ymnlJo 

of  Uie 
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nia  05  the 
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ir»o;(c 

Dompnanded   of  llielr   duuuieet. 


luaqunernfai 
KcondiiattheK 


TtmMrlrtOwiiirrr,  ta  thuta) 

VRnl  umiud^  llie  ceni™  uf  Uir 

ItMl  bodin  an  acccliraled  In  Ihcii 
Oll.wul  whrit  ■!  nil  Ih-t  thtry 
prruthBbiidy.orlbiupirtof  (hr 
bdvbywIiicliUicyantHPpDTua. 

trill  Itravily  bf  the  spiee  llinHih 

free  m  (all,  imwMlnoBc  HCOnd, 
or  nthcr  ny  the  iclocliy  tliat  li 
bu  acqiired  U  lb*  end  of  Ihni 
Unw.  fiaw,  a  bodjr  lliut  clrcum- 
nuced.  In  the  Uiliuaeot  London, 
liu  bMU  ftiiuid  from  repeated  cz- 

Tw<)cauHi,tliei|ifaErflldal  Agiire 
of  the  earth,  and  tlie  diminulion 
or  ibe  rouuiry  nmioa  which  Ulici 

tarb  the  unifDrmity  of  invllaliaii ; 


E^"-r.  h"X  oVthe'^'luile^olJ 


laulated  fay  repaated  •ielllUlaa, 


cipeiimcnuMy  the  dininaiiM  h 
liravity  cin  the  topa  ol  meBiiUlii, 

Ahmlmli    OaaTiTT,  ii  (hat  Ij 
•hieb  a  body  descends  fivtiy  oi 

Btlallne  CaATiTT,'  it   Ibit  If 

cd'  bodiet  down  incJined  pLBlKt,or 
aptc\fic  GaiTiTT,  it  (he  nlilln 

•tandanl  nf  compariMn,  sod  (li 
■tandiid,  by  aniverHl  cunaeu  aA 

oriubeHiK  le»au^ecl(oTaii>tii> 
in  direreni  circomsIuicM  of  lam. 

ulbFT  body.  By  a  hinanile  ew 
ci'lcnce,  at  leul  to  Bnclilh  pluUr 
soplien,  it  hiippeni,  that  ainlie 
(™>t   n('  rain-water   welalu   IW 

cnmpiiriiiB  all   ochei  budlei  silk 

tn'tawhcn  "of^eqa  "l'*?naantuda 
ibe  .pecilic  Etavitie.  >re  direcilr 
■»tbewelEbi9,..ruthelrdeMiii>a 
In  hodici  uC  the  aame  tpecik 
srat'itlei,  tlie  weigbu  will  )»  a 


mafniuide,   wti|[lit,   and  ipcoiit 


■ravlLy  of  a  bmlv,  uny  Iwo  of  lUew 


ibiE    fcwt  Hlflu  IT41 


"a  bodJ'lmiiierted  In  ■  noid  vill 

EalcH,  the  body  will  riw  id  ilic 

Sand  be(inlyMMIjfhinne™»(l| 
If  Uie  .prriiic  (nilly  of  [ht 

Ihdd  in  whJroh  it  miiy  be  pluced. 


IrthFiiwHIieBrii-llyDftl 
•tlBhl  of  Ihr 


^"^J'. 


af  tHe  body  la  the  p»ri  tmrnerBwI. 


immrwfrA  »lid. 

7%  ,^id  tke  ipeclflc  gravity  of  t 
ieOy^—thit  mmy  bedono  Eenciall' 
by    mciDi    of  tht    *yrfrmM(fc   I« 


1.  rfjtnUiMr'' 


eihsr.    Wciih   Ihe 


BTiiy  of 


^U  li  n(Hlr(d,— f  Kke  son  -  ■    ' 

bsUi  In  (lid  out  of'lhf  fli 
lid  Ihc  iDii  of  wrlghl  m  th< 


'Xi 


of  Ml  hydronitler.  irtHj/dromettr, 


BriM,  cmmX,  mt  buiHien 
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ORSAT  Ctrcl<  o(  the  tplicrc,  »e 

«  ihe  tplwre  dividine  it  i.iio  iw" 
equal  hemupherai  oi  >liCM,  ia  *a- 


IKT, 


lloi.>y  ■  •  . 
Ivory  .  .  . 

Tallow    .  . 


ronomy,   the  principal    ue  Ot 
i|uBtor,  ecliptic,    boruoa    m^ 


o  tr.K— o  i;  ir 


directing,  and  exploding  all  kinds 
of  fire<arm8,  but  more  commonly 
restricted  to  the  larger  pieces,  as 
cannons,  mortars,  &c. 
,  To  this  art  belongs  tlie  knowledge 
of  the  force  and  effect  of  gunpow* 
der,  the  dimensions  of  the  pieces, 
and  the  proportions  of  the  powder 
and  ball  they  carry,  witii  the  me- 
thod of  adjusting, 'pointing,  load- 
ing, firing,  moving,  &c.  Cannery 
may  be  therefore  divided  into 
theoretical  and  practical,  the  for- 
mer of  which  consists  in  computing 
the  angles  of  elevation,  the  impe- 
tus of  projection,  the  range  of  the 
1)all,  occ.  from  certain  data  pre- 
viously established  ;  we  niaj'  also 
consider  those  experiments  wl^ich 
hmre  been  made  with  a  view  to 
ascertain  the  velocity  of  projection 
vith  given  charges,  the  resistance 
of  the  air,  the  deflection  of  the 
ball  or  of  the  gun,  &c.  as  forming 
a  part  oC  theoretical  gunnery. 

GUNPOWDEli,  a  mixture  of 
Bitre,  charcoal,  and  sulphur,  for 
the  purpose  ol  producing  an  explo- 
sive force  by  combustion. 

The  first  person  who  is  said  to 
have  been  acquainted  with  the 
nature  and  effects  of  a  combination 
of  these  three  materials  in  a  cer- 
tain proportion  to  each  other  was 
Koger  Bacon.  In  his  treatise  "  De 
Secretis  O  peri  bus  Artis  et  Naturae 
et  de  NuUitaie   Magiae,"  cap.  vi. 

gablished  at  Oxford  aboullSlO,  he 
iforms  us,  that  from  saltpetre  and 
other  ingredients,  we  are  able  to 
make  a  fire  that  shall  burn  at  any 
distance  we  please,  which  "  other 
ingredients,"  it  appears  from  some 
of  his  other  mannscripis,  were  suU 

ghur  and  charcoal.  It  was  not, 
owever,  for  a  considerable  lime 
after  this  date  that  gunpowder 
became  generally  known  ;  indeed. 
It  is  very  difficult,  aniungst  the  va- 
rious contradictory  accounts,  to 
afilx  any  precise  date  to  this  in- 
vention. Robins,  in  his  "Ounnery," 
considers  it  as  known  before  the 
time  of  Bacon,  and  that  this  philo- 
sopher mentions  it  not  as  a  new 
discovery,  but  as  the  application 
of  an  old  principle  to  military  pur- 
poses, to  which  it  had  not  been 
before  employed. 

The  proportions  of  the  above  in- 
mred^eats,  according  to  the   be»t 
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modem  praetioe.  Is  as  followi, 
viz.  75  parts  of  nitre  or  saltpetre, 
15  of  charcoal,  and  10  of  sulphur. 
The  specific  gravity  of  which  com. 
position  at  a  mean,  as  stated  by 
Count  Rumford,  is  about  O'80S,  that 
of  water  being  1.    . 

One  method  of  ascertaining  the 
strength  of  gunpowder  is  by  a  ma- 
chine called  an  eprouvette,  of 
which  there  are  various  construe* 
tions;  but  it  commonly  consists  of 
a  small  strong  barrel,  in  which  a 
determinate  quantity  of  the  pow 
der  is  fired,  and  the  force  ot  ex 
pansion  is  measured  by  the  action 
excited  on  a  strong  spring  or  a 
great  weight. 

Another  method  often  adopted, 
is  to  fire  a  very  heavy  ball  from  a 
short  mortar  with  a  given  weight  of 
thejpowder,  and  to  find  the  range  of 
projection.  The  French  eprouvette 
tor  government  powder  is  a  mortar 
of  seven  inches  (Prench)  in  cali- 
bre, which  withi  tliree  ounces  of 
powder  should  Shrow  a  copper 
globe  of  sixty  pounds  weight  to  the 
distance  of  300  feet.  No  powder 
is  admitted  which  does  not  answer 
this  trial. 

A  tliird  method,  which  unites 
accuracy  with  dispatch,  is  to  su»* 
pend  a  small  cannon  as  a  pendu- 
lum, to  fire  with  powder  on  ly,  and 
to  judge  of  the  l^rce  of  explosion 
by  that  of  the  recoil,  which  in 
this  circumstance  is  a  greater  or 
less  arc  of  a  circle.  That  which 
Dr.  Hulton  employed  on  this  prin- 
ciple, was  a  small  cannon  about 
one  inch  in  the  bore,  the  chnrge 
of  which  is  two  ounces  of  powder. 

To  determine  the  elasticity  and 
quantity    of    the    elastic    vapour, 
produced  from  a  given  quantity  of 
powder,  Mr.  Robins  premises,  that 
Its  elasticity  is  equally  increased 
by  heat  and  diminished  by  cold, 
as  that  of  common  air;   and,  con- 
sequently, its  weight  is  the  baine 
with  the  weight  or  an  equal   bulk 
of  air  at  the  same   ela^llClly  and 
temperature.      Hence,    and    from 
direct  experiments,  he  coiicln>ie!t, 
that  the  elastic  tiuid  produced   by 
the  firing  of  (;iin)i>>wder  is  nearly 
three-tenths  of  the  wei^liL  c\(  vVv^ 
powder  itself,  w\\vcV\,  e's.'pAv\«i<tti  vo 
the  rarity  of  common  au^\%  vv.>qv>\iX 
244  times  the  buVk  ol  \\\a  ^vni««- 
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but  not  in  a  rloady  nor  clear  one : 
a  tliin  haziness  in  the  higher  re- 
gions of  the  Hir  in  summer,  and  in 
llM*  luwer  re|:ioiis  in  wiuter,  com- 
iiionly  occasions  Home  appearance 
dl'  tiie  lialo;  ihu  cliaructers  of 
which  are  various,  according  to 
clrclllllU.lllC^s.  In  summer,  halos 
are  consiJert-rl  by  the  larniers  as 
loieiuitiien  of  wind  or  luin. 

It  IS  remaikable,  that  the  large 
hulos  lurrouiidiiig  tlie  sun  and 
iiiuon  are  coni'nuuiy  of  given  dia* 
nu'irrs;  namely,  about  2.J*  or  24*, 
ur  diiiiblc  that  ma^niiudi-,  or  47°. 

HARDNESS,  or  Kigiuity,  tliat 
quality  in  bodies  by  u  nicti  their 
jiaris  tto  cohere  at  not  to  yield  in- 
ward, \>r  give  way  to  an  external 
impul.te,  without  iii^^taiitly  going 
bcyoiiti  the  liistHoceof  their  mutual 
atiiiiciioii;  Hiid  therefore  are  not 
siib|e<-t  to  any  motion,  in  respect 
ol  each  oiner,  without  breaking  the 

HiRMOMCAL    Arithmetic,    is 

soiiii-tiiui-^  lifted  'or  l^ic  application 
of  iiu!nbei'>  to  iLc  *>ci<'iice  of  muMC. 

Harmonica L  Curie,  an  ideal 
curve  liiio  wi<i'  •  a  n.'iiiiCiil  chord 
is  supposed  to  i>e  iiiiiecled,  when 
put  i.ito  buch  a  iiiolioii  a.>>  to  excite 
kouiiM 

H  KA  r,  i  I  Xafurtil  Ph!los(*phij ,  is 
one  ol  I  »e  ctteois  iiid  e  -.til  by  ;ui 
iiK-ieH>>e  or  tenijaratiir  ,  and  the 
8eii»aiion  it  prod ucen  nu  ihe  organs 
ol  Iv  eling. 

V.iiiou^  hypothc  t*s  have  been 
advanced,  both  bj  uncieiit  and 
modern  philosophers,  to  account 
for  the  phenomena  of  heat,  some 
considerint;  it  as  a  body,  sui generis, 
and  others  only  as  a  qualiiy  com- 
mon to  all  biidies. 

Maequer,  although  he  regards 
heat  us  a  Muid,  and  the  only  essen- 
tially lliiid  body  in  nolure,  and 
con!fc<|uently  asihecauseol  fluidity 
in  other  bodies;  and  notwithstand- 
ing tli.it  he  speaks  oftlie  great  faci- 
lity witli  wnich  it  penetrates  other 
bodies,  or  separates  from  them, 
and  infers  from  these  and  other 
facts,  the  iiitinite  smallness  of  the 
inie(>raiit  parts  of  tire,  (meaning  by 
this  term  the  cause  of  heat,  or 
wiiai  IS  now  denominated  caloric); 
yet  when  treating  of  tne  same,  he 
expresses  an  opinion  direptly  the 
Inverse  of  Uiis,  %xA  caiV«  UevkioxiVY 


a  mode  of  existence  of  a  matenil 
sabstancc.  He  carries  on  Ibe  tii> 
cussion  through  scTeral  paget  with 
mach  ability  ;  and  amuiigst  vaiiia 
other  modes  of  areamrntatioa,  he 
institates  an  analogy,  which  he 
sustains  with  considerable  iae» 
nuity  between  the  eommanicalM 
of  heat  and  the  commanicatioBrf 
motion,  deducing  from  the  kaon 
and  acl^nowledged  laws  of-  the 
latter  the  similarity  of  the  fonMr, 
and  maintaining  cunseqaentlytiHt 
heat  is  really  nothing  else  tbuUc 
motions  of  .the  parts  of  hcsld 
tiodies. 

"  I  have  hitherto,"  says  he,**  beci 
of  opinion,  I  confess,  with  nMi 
natural  philosophers,  that  hestm 
a  particular  kind  of  matter,  lOHk 
tile  as  to  penetrate  all  bodia,iil 
U)  separate  their  parts  wl>en  pstii 
action  by  light  or  percussion,  ul 
that  this  being  was  the  troe  ant 
ter  of  fire ;  but  the  above  rete 
turns  have  suggested  a  very  dif» 
ent  opinion.  There  certainly  ill 
matter  of  fire  ;  and  it  is  pure  iiflili 
which  is  a  material  substance whaH 
existence  cannot  be  qacstionc'i 
But  we  cannot  say  the  sans  d 
heat;  the  causes  which  ezeiie  iit 
and  the  effects  which  it  piodsce^ 
do  not  prove  or  even  suppose  the 
existence  of  a  peculiar  msUcf. 
They  all  concir,  on  the  contntTi 
to  uidicate  that  it  is  only  an  aec^ 
dent,  a  modification  of  wnichsoat 
bodies  are  susceptible,  and  eoiHiii^ 
ing  merely  in  the  intestine  modm 
uf  their  aggregant  and  coosiitaeM 
parts,  which  may  be  produced  boI 
only  by  the  impulse  of  light,  bri 
also  by  all  frictions  and  percas»ipM 
of  any  bodies." 

Count  Kumford,  from  two  tooA 
der.itions,  infers  the  immaterialitf 
of  heat;  first,  from  liis  frcqscsl 
failures,  in  attempting  to  dtscorcr 
that  it  had  aify  weight ;  and,  seeoa^ 
ly,  from  the  po>»it>ility,  whiekk 
conceives  he  has  demonstrated,  of 
obtaining  an  inexltaustible  s«H^ 
of  heat  from  a  given  qnanliiy  ■ 
insulated  matter. 

After  ascertaining  that  whca  ■ 
hot  body  is  cooled  in  tranqail  ski 
a  very  small  part  of  the  heat,aboBl 
a  seventeentii,  is  commanieaicd  w 
the  air,  all  the  rest  being  com*** 
,xk\&».\ttd  bv  radiaUon  thrpagli  ih* 
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air  to  the  surrounding  solid  bodies ; 
and  coufirming,  by  various  results, 
his  hypothesis  ot  the  immateria- 
lity of  heat,  he  proceeds  to  treat 
of  the  communication  of  heat 
Ajnongst  solid  bodies,  and  con- 
cludes with  an  inquiry,  whether 
the  tjaantity  of  heat  excited  by  the 
Striking  of  the  solar  rays  upon  an 
opaque  body,  is  always  in  propor> 
tion  to  the  qnantity  of  liglit  that 
has  disa)jpeared  Y  This  qnesiion  he 
answers  in  the  affirmative ;  ascrib- 
ing to  light  ttie  power  of  producing 
beat.  This  last  position,  however, 
has  been  rendered  doubtful,  by 
"Or,  Herschel's  distinction  in  the 
solar  rays,  between  those  which 

rftrodnceheat  and  those  which  only 
lluminate.  Sir  Richard  Phillips 
contends,  that  heat  is  the  effect  uf 
atomic  motion,  and  that  the  degree 
of  temperature  depends  upon  the 
velocity  which  is  communicated 
to  the  maleculsB.  And  with  regard 
U)  the' apparently  frigoritic  effect 
upon  the  skin,  of  steam  at  a  very 
high  temperature,  he  conceives 
that  it  arises  from  the  very  great 
distance  to  whicli  the  particles  are 
sejparated  from  each  other. 

Jjctent  Hkat,  is  a  phrase  used 
liy  Dr.  Black,  arising  from  the  dis- 
4Myvery  that  a  large  portion  of  heat 
sometimes  disappears,  or  is  absortv 
ed  by  a  body,  without  any  increase 
of  temperature.  This  commonly 
happens  wlien.a  body  from  a  solid 
becomes  liquid,  or  from  a  liquid 
becomes  aeriform;  sometimes  also, 
^rhen  two  bodies  of  the  same  tem- 
peratnre  combine,  a  great  degree 
of  cold  is  produced ;  but  when  a 
due  portion  of  heat  is  acqnired 
^rom  the  surrounding  bodies,  the 
temperature  is  restored.  The  heat 
which  disappeers  in  these  cases  is 
called  latent, 

UBAVEN,  among  the  ancients, 
denoted  an  orb  or  circular  region 
of  the  universe.  They  assumed  as 
many  lieavens  as  they  observed 
celestial  motions.  These  they  sup- 
|iosed  to  be  solid,  as  otherwise  they 
could  not  sustain  the  bodies  fixed 
in  tliem ;  and  spherical,  that  being 
the  most  proper  form  for  motion. 
They  had  seven  heavens  for  the 
Noon,  Mercury,  Venus,  the  Sun, 
liars,  Jupiter,  and  Saturn.  The 
eigkUh  was  the  Hxed  stars,  which 
«1 


was  denominated  tlie  firmament. 
Ptolemy  adds  a  ninth,  which  he 
calls  the  primum  mobile :  after  him 
two  crystalline  heavens  were  ad- 
ded  by  Alphonsus,  to  account  ful- 
some irregularities  in  tlie  luotifinsi 
of  the  other  heavens.  An  empy- 
rean heaven,  the  abode  of  the  gods, 
surmounted  tlie  whole. 

HE61RA,  the  epoch  or  account 
of  time  used  by  the  Mahoniedans, 
who  begin  their  computation  iroiii 
the  day  that  Mahomet  was  obliged 
to  abandon  the  city  of  Mecca, 
July  16,  622. 

The  years  of  the  hegira  are  lunar 
ones,  of  354  days ;  and  therefore  to 
reduce  them  to  oar  Calendar,  we 
must  multiply  the  year  of  the  he- 
gira by  354,  and  divide  the  product 
by  36i^;  adding  622,  the  date  at 
which  the  Hegira  commenced  ;  the 
result  will  be  the  Julian  year. 

HELIACAL,  as  applied  to  the 
rising  of  a  star,  planet,  &c.  denot«s 
its  emerging  out  of  the  sun's  rays, 
in  which  it  was  before  hid.  When 
applied  to  the  setting  of  a  star,  it 
denotes  the  entering  or  emerging 
into  the  sun's  rays. 

H  ELI  CO  ID  Parabola,  or  Para- 
bolic Spiral,  is  a  curve  arising  from 
a  supposition  of  the  axis  of  the 
conmion  parabola  being  bent  round 
into  the  periphery  of  a  circle. 

HELiOCENTRIC/>torenf  a 
Planet,  the  place  in  the  ecliptic  in 
which  the  planet  would  appear  if 
viewed  from  the  centre  of  the  SHn» 
Hkliockkteic  Latitude  of  a 
Planet,  is  the  angle  which  a  line- 
joining  the  centres  of  the  sun  and 
planet,  makes  with  the  plane  of 
the  ecliptic. 

IIELIOCOMETES,  Comet  of  Uie< 
Sun,  is  used  to  denote  a  large  taiV 
or  column  of  light  which  follows 
the  sun  at  his  setting,  much  in  the 
same  manner  as  the  tail  of  a  comet. 
HELIOMBTER,  an  instrumetit 
for  ineasuiing  with  particular  ex- 
actness the  diameter  of  tlie  suii, 
moon,  and  planets.  It  is  a  sort  of 
telescope,  consisting  of  two  object- 
glasses,  of  equal  focal  dihtunce, 
placed  by  the  side  of  each  other, 
so  that  the  same  eyeglass  nerves 
for  both.  The  tube  of  this  iiistru- 
nientis  of  a  conical  form,  larger 
at  the  upper  end,  M'liich  receives 
the  two  object-glasses,  than  al  tAx« 
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lower,  which  i*  fuiiiishcd  with  an 
rye-tthis»  and  nilcronicier.  Hence 
l\V(>  ili>linct  iniane*  of  an  objfci 
Uic  loriiied  in  tlic  focus  of  the 
^'ye-ulii»'«,  lh«;  di>;ance  of  which 
depend  in;;  upon  tlint  of  l!ie  iwo 
«l)|«'ci.Rhissi'!»  fronj  one  anotiier, 
niiiy  be  nicu&nrcd  with  ihe  giealesl 
|icciir;icv. 

HKLIOSCOPE,  a  sort  of  lele- 
fccope  peculiarly  suited  for  viewing 
ihe  sun  without  iirejudice  to  ihe 
eve.  The  same  elFeci,  however,  is 
ii'ioic  commonly  produced  by  co. 
loiiied  glasses. 

HKLISPHERICAL  Line,  in  A'a- 
rigatiott,  denotes  tiie  rhumb  line; 
mid  JS  thus  called  from  its  winding 
round  and  round  ihe  pole  in  the 
form  of  a  helix  or  spiral. 

HEMISPHERE,  one-half  of  a 
globe  or  sphere,  ftirmed  by  a  plane 
passing  through  the  centre. 

Hf.misphlre,   in    Astronomy ,  is 

t)articularly  u»ed  to  denote  one- 
)alf  oi'  the  sphere,  as  separated  by 
the  plane  of  the  equator  {  tha(  si* 
tuated  towards  the  north  pole  be- 
ing called  the  northern,  and  the 
plhcr  ttie  southern  hemisphere. 

The  horixon  also  divides  the 
sphere  into  two  heniisphei-es,  the 
lower  and  up(>er  (  the  latter  being 
that  half  which  has  the  zenith  for 
its  vertex,  the  former  having  the 
nadir  in  its  vertex. 

A  meridian,  in  like  manner,  di- 
vides the  sphere  into  an  eastern 
and  a  western  hemisphere ;  and 
any  other  great  circle  divides  it 
into  two  obl)(]ue  heniixpheres. 

HEPTAGON,  a  figure  having 
seven  angles  and  seven  sides. 
When  the  sides  and  angles  are 
equal,  it  is  called  regular;  when 
))ot,  irregular. 

Properties, 

800' 
The  angle  at  the  centre  =    - — 

=  5^1 

The  angle  of  the  polygon  =  128^ 

The  area,  when  the  side  is  1,  = 

3-6339126 
And,  therefore,  when  the  side  is 

*,  it  =  *«  X  3-«339i26. 

The  heptagon  does  not  admit  of 
a  geometrical  construction ;  nor 
F»n  >ts  5fde  b«  rouud|  when  the 


radius  of  the  circle  is  given.bvH 
equation  Itiwer  than  a  cubic. 

HEPFAGONAL    JS'iuubert,  m 
those  included  in  the  furmult 

Sn^ — 3n    .     .         ,  ,,    ,  ^ 
;  being  thus  called,  becsN 
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all  such  numbers  inaj*  bearraceti 
so  as  to  form  an  lieptHgoualfinan- 

It  is  a  propcrtj'  of  hepla!(<>«u- 
numbers,  that  if  they  be  iiiuliipf 
ed  by  40,  and  3  added  to  the  pt^ 
duct,  the  sum  m  ill  be  a  square. 

HETEKOGENBOUS,  siguw 
something  wiiose  parts  are  uf  di^ 
ferent  kinds,  in  op|X)sition  to  k 
mogcncous. 

HBTERouBVKors  BodUs,  ucof 
unequal  density  and  compositioi. 

HXTEROOS.NEOUS    £,ight,  COOIHtl 

of  rays  having  different  dcgreoo' 
refrangibility. 

Hbterogbweous  QuamtUieh'*^ 
those  which  admit  of  no  con|iii^ 
son  as  to  greater  nr  less.  Tkas,  i 
surface  and  a  solid  arc  heteroft 
neous  qaantities,  because  ween 
in  no  way  make  comparison  k6 
tween,  or  sa^-  that  a  surface,  ho* 
ever  large,  is  greater  than  a  tnbi 
however  small.  In  this  respects 
has  been  said,  that  moinentamiaA 
pressure  are  heterogeneous  qHS* 
titles. 

Hetkrogkneous  SHrdSfWrtvuk 
as  have  different  hidices,  as  ^ 'i 
^^  5,  also  the  sums  of  two  sar^ 
having  the  same  index  is  het^ 
rogeneotts  with  a  single  surd  hir. 
ing  that  index  kind,  at  least  if 
the  quantities  under  Ibe  radicals 
are  prime  to  each  other ;  thus  (v'' 
^  i^'S)  is  heteroceneous  with  toe 
square  root  of  any  single  qaantit^. 

HERETOSCII,  such  inhabiunti 
of  the  earth  as  have  their  shadovi 
at  noon  projected  always  the  same 
way  with  regard  to  themselves 
or  always  contrary  ways  with  r^ 
spect  to  each  other. 

HfiXAEDRON,  ihe  Cubb,  om 
of  the  five  regular  or  Platonic  bo* 
dies ;  and  so  called  from  its  hav- 
ing six  faces. — ^The  square  of  the 
side  or  edge  of  a  hexaedron,i8iiiie< 
third  of  the  square  of  the  diaiM* 
ter  of  the  ciruumscribing  sphere; 
and  hence  the  diameter  of  a  sphere 
is  to  the  side  of  its  inscribed  bet> 
aedrou  as  v^3  to  1. 

In  general,  if  f,  s,  «Qd  S»  tie  pot 
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fecmre  Qf  it  iHD  he  mppited  Co  Archi- 
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eentrie  circlet,  whf eli  contain  the 
months  and  days  of  the  year,  the 
corresponding  signs  and  degrees 
of  the  ecliptic,  and  the  IS  points 
of  the  compass. 

Artijteiai  Hoaixoif,  is  a  contri- 
vance intended  to  be  employed  hi 
tailing  alUtndes.  It  is  usnally 
made  by  a  qaantity  of  mercnry  in 
a  trough,  apcm  the  top  of  which  is 
laid  a  piece  of  plate  glass;  and 
the  whole  is  fenced  in  by  pannels 
of  glass,  which  make  equal  angles 
with  the  plane  of  the  mercery. 

HORIZONTAL,  relating  to  the 
horiaon. 

HoRisoNT4L  Dial,  is  drawn  on 
a  plane  parallel  to  the  horiaon, 
and  having  its  stvle  elevated  ac- 
cording to  the  altitude  of  the  pole 
of  the  place  for  which  it  is  de- 
signed. 

lioaizoiiTAL  JHiUmee,  is  that 
estimated  in  the  direction  of  the 
horiaon. 

Uoeisohtal  Plane,  is  that  whi<^ 
is  parallel  to  the  horizon  of  the 
pMce,  or  not  inclined  to  it. 
^OROGRAPHY,  the  art  of 
makiiicdialsy.ftc.  to  tell  the  hours. 

HOUR,  in  C^trMologjf,  an  aliquot 
pan  of  a  natural  day,  usually  a 
S4th,  but  sometimes  a  12ih. .  An 
hour,  with  us,  is  a  measure  or 
quantity  of  lime,  equal  to  a  84th 
part  of  the  natural  day,  or  the  du- 
ration of  the  S4th  part  of  Ihe 
earth's  diurnal  rotation.  Fifteen 
degrees  of  the  equator  answer  to 
an  hoilr,  tlioogh  not  precisely, 
yet  near  enough  for  common  use. 
It  is  divided  into  60  minutes,  the 
minute  into  00  seconds,  &e.  *  The 
Jewish  or  Ancient  hours  are  twelfth 
parts  of  the  artificial  day  or  of  the 
night.  Hence,  as  it  is  only  at  the 
time  of  the  equinoxes  that  the  ar- 
tificial  day  is  equal  to  the  night, 
it  is  then  only  that  the  hours  of 
the  day  are  equal  to  those  of  the 
night,  or  to  t£ke  24th  part  of  the 
natural  day. 

HOUR  Circles,  are  great  circles 
of  the  sphere,  meeting  in  the  poles, 
and  crossing  the  equator  at  right 
angles.  They  are  drawn  through 
every  15th  degree  of  the  equinoc- 
tial or  equator,  each  answering  to 
an  hour. 

&ou»  GUs^,  M  popalu  kind  of 
tiaeJjmeo  wbieM  iodicatM  thf 


hours  by  the   mnning   of  sand,, 
water,  or  mercur}',  from  one  vessel 
to  another. 

Hour  Lines  on  k  Dial,  are  those 
which  are  drawn  for  the  ))urpu6e 
of  poinliiig  out  the  hours  by  tlie 
shadow  of  the  style. 

HUMIDITY,  or  Moisture;  has 
been  differently  deflnetl  by  mo- 
dem writers,  some  considering  it 
as  a  pecniiar  kuid  of  fluidity, 
others  defining  it  simply  a-,  a  qua- 
lity. Itisbbvious,  however,  ihat 
whatever  definition  is  given  of  hu- 
midity, that  It  IS  only  a  relative 
mode.  For  quicksilver  is  not  moist 
with  respect  to  wood,  glass,  or 
iron,  while  it  is  so  with  regard  tu 
gold,  tin,  or  lead,  to  the  surtaces 
of  which  it  will  adhere  and  render 
them  toft  and  tf^t.  Rveiv  water 
hself,  which  wUs  almost  every 
thing,  and  is  the  great  standard  of 
moi^re  and  Juunidlty,  is  yet  not 
dupable  of  wi^ng  all  things,  for 
it  stuids  or  runs  off  in  globular 
drops  from  the  leaves  of  many 
plants,  as  also  from  oiletl  and  var- 
nished surfiiees,  the  feathers  of 
ducks ;  water  therefore  is  no  more 
moist,  with  reference  to  these  suit- 
stances,  than  quicksilver  is  with 
regard  to  iron  or  wood. 

HYDRAUUGS,  the  science  or 
doctrine  of  the  motion  of  liquids 
universally,  the  laws  of  that  mo- 
tion, and  the  effects  resulting  from 
it.  The  terms  hydraulics  and  hy- 
drodynamics are  nearly  synony- 
mous. 

Hydraulic  Paiss.    See  Press. 

HYDRODYNAMICS,  that  sci- 
ence which  treats  of  the  power  or 
force  of  water,  whether  it  acts  by 
impulse  or  pretenre ;  or  that  part 
of  mechanics  which  relates  to  the 
motion  of  liquids  or  non-elastic 
fluids,  and  the  forces  with  which 
they  act  «pon  other  bodies,  in 
which  sense  hwdradjfkamics  bean 
the  same  relaUon  to  hjtdrostatics 
as  djfnamies  does  to  statics. 

HYDROORAPHY,  that  part  of 
geography  which  relates  to  seas 
or  oceans. 

HYDROMETER,  an  instrument 
for  measariflg  the  density,  gra« 
vity,  Ac  of  Crater,  and  Qtl\e,\  Vv> 
qiiiu* 
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cilio  j'.iaviiifs  of  ililVrrcnt  walcrs 
ti»  stwl'  .1  <lf;;ii'»"  (»r  luccly,  lliat  it 
wniiiil  ^h«»w  wlu'u  oiiu  kuul  ol' 
Avalrr  wa-.  lait  liu-  10,00nih  part 
li«-avur  than  am  lliiT.  ll  ri)ii!»iJ«Ls 
(»r  a  IioIIdw  l>ail  tit  altoui  Lhice  in- 
chis  ot  (liaiiK'HM,  fiiiir^i'd  with 
fcliiil  to  :i  i)io)U'i  tlit^ite,  iiiid  hav- 
jiip  lixcil  in  It  a  loll}; '  uiiil  very 
>l«Mulfr  wiif,  u\  only  lii*.'  4iilli  pait 
ol  an  iiir.li  in  liiunicU'r,  aiut  tlivi- 
«lfi|  iiiio  ti  nibs  of  iiiclu".,  each 
Icnlh  uii-iWeiiM};  to  iht;  40,'MH)ih,  as 
al»ove.  Fifj.  7,  plate  HI.  is  an  hy- 
iJroiiiittr  by  Mr.  Nichol.-oii,aclapt- 
i-ii  to  tiiidinp:  hpefific  ^luvity  buth 
ol'  k(»lu)^  and  t'.uitih. 

B  In  a  }iolluw  ball  of  copper,  C 
a  di-h  ull'ixed  to  the  bull  by  a 
short  sUMider  sKMn,  I) ;  E  is  another, 
allixcd  to  the  opiioMte  nide  of  the 
ball  by  a  kind  4>astirrup.  In  tne 
instruini-nt  actually  made,  the 
btcni  1)  iH  of  hardcnf:d  steel  ^th  of 

an  inch  in  dianiet<^/ and  the  dish 
is  M>  heavy  as  in  ail  case«  to  keep 
the  MvMii  vertical  when  the  in^tiu- 
meni  is  made  to  tloat  in  any  liquid. 
TIm'  paits  are  M)  adjusted  that  the 
adiliiion  of  1000  Kruins  in  the  up* 
jier  di!»h  C,  will  just  sink  it  in  dis- 
tilled water  (at  the  temperature 
of  (iO*  ol  Fahrenheit's  tiiernioine- 
teOsof.u-  that  the  surface  shall 
inierncct  the  niidule  of  the  stem 
]).  Lrt  it  now  be  rc(]uircd  to  lind 
the  hpcfilic  gravity  of  any  lluid. 
IniMicr-r  the  inslrninent  in  it,  and 
by  piacii)};  wi-!;;hts  in  the  diAh  C, 
caiisr  It  to  float,  so  that  the  mid* 
die  of  its  stem  I)  shall  be  cut  by 
the  surface  of  the  lluid.  Then,  a.s 
the  known  weight  of  the  instru- 
ment, ailded  to  1000  grains,  is  to 
liie  sanu*  known  weight  added  to 
the  w<  U'Jil  n>-Ld  in  producing  the 
la>l  cqiwiibiiuin,  .so  is  the  weight 
('i'  a  (|'(iantny  of  diKiilled  water 
displaced  by  the  tioating  instru- 
iitciit,  to  the  weight  of  an  equal 
bulk  (;f  the  fluid  under  exaniina- 
I'on.  And  tnese  weights  arc  in 
tlie  direct  latio  of  the  specific  gra- 
viii'.'s.  A<;aii,  let  it  be  required 
to  lind  the  specific  gravity  of  a  so- 
lid b«Mly,  whose  weight  is  less 
than  100<)  (:iain.s.  Place  the  instrii- 
ineiit  in  <iittilU  il  water,  and  put 
the  bi  dy  in  the  di>h  C.  Make 
tlic  niijnstincnt  of  linking  the  in- 
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stem,   by  adding   weights  in  tht 
same  dish.   Subtract  thiMe  weights 
fiiMti  1000  grattia,   and  the  renuii-.- 
(ier  will  be  the  weightof  the  budv. 
Place  now  the  body  in  the  lu-drr 
dish  F,  and  add  mure  wei:;htiiit.ie 
upper  dish,  C,  till  the  adjusUiient 
lA    again    obtained.     The    wei:ii: 
last  added  will  be  the    loss  tkiewi- 
lids  suitaiii  by  iinmeisiou,  and  k 
the   weight  of  tin   equal    Liitk  oi 
water.    Conncquently,  the  spcciti.: 
gravity  of  the    solid   i.s   to  th.it  of 
water,  as  the  weight  of  the  b(Mly 
to  the  loss  occasioned   by  the  uu- 
incision. 

HYDHOMETRY,  the  niensora. 
tioii  of  the  density,  gravity,  force, 
&c.  of  water,  and  other  fluids. 

HYDROSTATIC  Balance,  an  in- 
strument for  determining  very  u- 
curatety   the    specific    gravity  ti( 
l>odics,' whether    fluid    or  solid: 
there    are    various    constructions 
i:ivea  to  this  instrument ;  that  re- 
presented on   plate    IV.    It  one  of 
the  most  accurate.     VCG,  i*  tne 
stand  or  pillar  of  this   ii>drostauc 
balance,  which  is  to  be  fixed  onu 
table  1,  2,  3,  4.     From   the  Uip  A 
hnngs,  by  two  silk  strings,  the  ho- 
rizontal   bar    BU,    from  it  is  $n«> 
pended,  by  a  ring  i,  the  fine  beam 
of  a  balance  6  y  which  is  prevented 
from  descending  loo  low  on  eitiier 
side  by  the  gently  springing  piece 
txjfx,  fixed  on  the  support  M.    Ihe 
harness  is  annulated  at  o,  to  show 
distinctly  the    perpeiitiicuJar  pn- 
li<Mi  of  the  exanicn,  by  the  small 
point'*d  index  fixed  above  it.    The 
strings  by  which  the    balance  is 
suspended,  passing  over  twci  pnl- 
leys,  one  on  vach   side   the  piocf 
at  A,  go  down   to  the    bottom  on 
the  other  side,  and  are  passeilover 
the  hook  at  p  ;  which    hook,  by 
means  of  a  screw  P,   is   niovtabfe 
about    (me   inch    and    a   quarter, 
backward  and  forward,  and  there- 
fore the  balance  may  be  raised  ur 
depressed  so  much.     JBut  if  a  great- 
er elevation  or  <lepres^ion   be  re- 
quired, the  sliding  piece  S,  which 
carries   the   screw   P,    it   readily 
moved  to  any  ]>art  of  the  square 
brass  rod  Y  K,  and  fixed  by  mcaoi 
of  a  screw. 

The  motion  of  the  balance  bcinf 
thus  adjusted,  the  rest  of  the  ap- 
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tmall  boarcl,  fixed  npnn  the  piece 
I>4  under  tbe  scales  d  and  e,  and 
w  niiiveable  op  and  down  in  a  low 
9lit  in  the  pillar  above  C,  and  fas- 
tened at  any  part  by  a  Kcrew  be- 
liind.  Prom  the  point  in  the  niid- 
dle  of  Uie  bottciui  of  each  scale 
bangs,  by  a  fine  hook,  a  brabs  wire 
md  and  ac.  These  pass  through 
two  holes  mm  in  the  table.  To 
the  wire  a  din  suspended  a  carious 
cylindric  wire  rs,  perforated  at 
each  end  for  that  purpose:  this 
wire  r<  is  covered  with  paper, 
graduated  by  equal  diviisionA,  and 
is  about  five  inches  long.  In  the 
corner  of  tbe  board  at  £  is  fixed  a 
braM  tube,  on  which  a  round  wire 
k  I  is  BO  adapted  as  to  move  neither 
too  tight  nor  too  free,  by  its  flat 
head  L  Upon  the  lower  part  of 
this  moves  aiA>thcr  tube  Q,  which 
has  sufficient  friction  to  make  it 
^^;^  ivnwin  in  any  position  required : 
r  -'-to  this  is  .fixed  an  index  T,  moving 
r  lu>riiontally  when  the  wire  /*  I  is 
tamed  about,  and  therefore  may 
be  easily  set  to  the  graduated  wire 
rs.  To  the  lower  end  of  the  wire 
rt  hangs  a  weight  L;  and  to  that 
a  winpn,  with  a  small  brass  ball 
gf  about  one-fourth  of  an  inch  dia- 
meter. On  the  other  side,  to  the 
wire  ae,  hangs  a  large  glass  bub- 
ble R  by  a  horse-hair. 

1/et  us  first  suppose  the  weight 
L  taken  away,  and  the  wire  pn 
suspended  from  S ;  and,  on  the 
other  side,  let  the  bubble  R  be 
taken  away,  and  the  weight  F 
suspended  at  c,  in  its  room.  This 
weight  P  we  suppose  to  be  suflici- 
eiitio  keep  the  several  parts  hang- 
ing to  the  other  scale  in  equilibri- 
um; at  the  same  time  that  the  mid- 
dle ptmit  of  the  wire  pn  is  at  the 
surface  of  the  water  in  the  vessel 
O.  The  wire  j;  n  is  lo  be  of  such  a 
size  that  the  length  of  one  inch 
ahali  weigh  four  grains. 

It  is  evident,  since  brass  is  eight 
times  heavier  than  water,  tliat  for 
every  inch  tiie  wire  sinks  in  the 
water,  it  will  become  half  a  grain 
lighter,  and  half  a  grain  heavier 
for  every  inch  it  rises  out  of  the 
water:  consequently,  by  sinking 
two  inches  beiuw  the  niidrllc 
|>oint,  or  rising;  two  inches  above 
It,  the  wire  will  become  one  grain 
lifliter  or  iieavier.  Therefore,  if, 
«7 


wheA  the  middle  point  Is  at  the 
surface  of  the  water  in  cquilibrio, 
the  index  T  be  set  to  the  middle 
point  a  of  the  graduated  wire  rs, 
and  the  distance  on  each  side  a  r 
and  a  J  contains  100  equal  parts; 
then,  if  in  weighing  budics  the 
weight  is  required  to  the  hundredth 
'puitof  a  grain,  it  may  be  easily 
had  b3'  proceeding  in  the  following 
manner. 

Let  tlie  body  to  be  weighed  be 
placed  in  the  scale  d.  Put  a  weight 
into  the  scaie  e  ;  and  lei  this  be  so 
determined,  that  one  prain  more 
shall  be  loo  much,  and  one  grain 
less  too  little.  Then  the  balance 
being  moved  gently  up  or  down, 
by  the  sccew  P,  till  the  equilihn- 
uin  be  nicely  shown  at  o;  if  the 
indezT  be  at  the  middle  point  a  of 
the  wire  rs,  it  show;*  that  the 
weights  put  into  the  scale  e  are 
just  equal  to  the  weight  of  the 
body.  By  this  method  we  find 
the  absolute  weight  of  the  body  : 
the  relative  weight  is  found  by 
weighing  it  hydroslaticalty  in  wa- 
ter, as  follows : 

Instead  of  putting  the  body  in 
the  bcale  e,  as  before,  let  it  hang 
with  the  weight  P,  at  the  hook  c, 
by  a  hutse-hair,  asat  K,  supposing 
the  vessel  N  of  water  were  away. 
The  equilibrhini  being  then  made, 
the  index  T  ^landing  between  a 
and  r,  at  the  3fJ  division,  shows  liie 
weight  of  the  body  put  in  to  be 
1095,  36  grains.  As  it  thus  hangs, 
let  it  be  immersed  in  the  water  of 
the  vessel  N,  and  it  will  become 
much  lighter :  the  scale  e  will  des- 
cend till  the  beam  of  th(^  balance 
rest  on  the  support  z.  Then  sup. 
pose  100  grains  put  into  the  srale 
d  restore  the  equilibrium  precise]}', 
so  that  the  index  T  stand  at  the 
3G  division  above  a  ;  it  is  evident 
that  the  weight  (if  an  equal  bulk, 
of  water  would,  in  this  case,  be 
exactly  100  grains.  In  like  man- 
ner, this  balance  may  be  applied 
to  (ind  the  specific  gravity  uf  li- 
quids. 

Hydrostatic  Bellows,  is  a  ma- 
chine for  illustrating  the  upward 
pressure  of  fluids,  it  c•on>.r^Ls  of 
two  thick  boards  EV,  CI),  Plate  111. 
fis;.  8.  about  sixteen  or  eighteen  in- 
dies diameter,  covered  ov  co\\v\«c- 
ted    ilrnily  vriUt    yVvabVv^  \ii%\\\^y 
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a'qi.Mlir  oFS" pound. °Fur'lSr 


So  u  Die  velBbt  of  ivatcr  in  the 

To'lhe  weight  il  will  .aitain  on 
Ihebimid.  fiirlheflaidalB.lhe 
Loltoni  of  ihe  liilie,  in  |>rewd  «i<li 

equally  Uiron'ghoul  llie  fluid  in  llie 
belluwsi  cmiKqueiilly     Ihe  pn^ 

the  weleht  of  ■  cyUnder  of  the 

Ihe^cllIndeJ^V".™"  £'»«  is  F  E, 
and  fieight  ^G;  mid  hence  mi 
weiehu  Ktd  ii|ua  C  D  thai  <to  not 


leiehn.  egch,  wl.cllier 
"hydrostatics,  thu 


M';; 


mldlly.    Thii  prepuruLiim  i»  i 
11  the  .»iiie  lioie  apoii  a  ce 

'hie'ltneM  uf  wiiich  ne^   imi 

-  "J»    In    solulion    neiirl)-'n 

iiiLineiarternaidilliey  lire  111 
oni  lli.lr  w^pper,  """  "^|i"'' 

■''^([^•{[^^^^'["[^^"oii 


n  Y  »— H  T  P 

•Hill.*  to  nmkt  ehcrf«   <,t  th<nr 

•eradirltha«Hd  alkali.  TU.tull, 

«hkh  .«  iha    cl«.n«i,  mii«t. 

noM     hriLli.nt,    ud    n,.„ttn.T. 

•p.»iiu    It  1>  known  II.M  liai^t- 

Ei-..':!:S?„SvitM 

ditjf  l«i(lheiu  Iha  hiitr,  >iid  Ihul 

It.   AnDdw  bath  the  J  'rStcu 

to  eoAUutitulf,  naUl  U  hu  U> 

lalnad  U»  altlmiiU  llnltonuewb 

•MiratwrcnKlble,  B*iuwrB«t>>ch- 
■d  one  at  t£*  two  anda  of  Iha  hair 

traetkn.    Tha  KataaTiha  inMn- 

mnHlalkcn  dlvidad  Into  a  han- 

U  ■  flird  pnint,  and  tfaa  ottaar  u 

isi,;ff3^j„-s;.?K,'s?a 

•ytindar,  »htch  Mirk*  »  ai.t  ol 

kud.   Tha  hair  la  b.«incl   by  ■ 

Tcwn.  nuira  (im^e,  ud  ptr'hap. 

ri|(».,.Mmnd«dbr.dal  lc>lE  «\^, 

oUian. 

about  the  ume  <ylinikr."in  prn 

RYGROHBntY.thc  nrtoTrnt*. 

(urtlan  u  ll.a  hair  lanEthc.  or 

,vlindar'«   »n.;ln™.urU,. 

and  it  will  be  carily 


of  nhlch 


flr^t  by  plaeinff  the  hys^onieter 

Inie^r  liri^'eVir  which  'ha  hid 
comnlcwl*  ntniatentd  vltb  water ; 
the   hair  Iwing  nluraleii  by  thli 

Oi^hil? »  fengthan™    '^«K 


#  hyKroBttttrf  wUh  t  piecr  ol 


■roataicr  that  iba  baroaeope  hai  lo 
HTPHtBOU,  ii  I 


nk  aavlEtrfk«a  fbmad   1^  th 
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eenUf!  aud  the  cqnntimi  ta  )tt 


in  iboic  or  Ihc 
IHiidHhvperbolaUAn.FitrilniiE, 
ijiillingAP(-i),  P/«'  =  P'M'[rt, 


ilAn.Fiti 


hnveFU'l  Al'xPa  =  CB':CA\ 
Thtfttare  in  [he  liyprrbdla,  Uie 
mttnt  at  the  urdfnBia  oFltar 


xjv'(flfl  +  di)+o|=i6.Coii- 


—(■')=—,  therefore  the  pi 
Iherernra  m  third  pmpnnlonB 


(«J  -  «a,)  ihueai.ali'...  i>  «.m^*h»t 
>nore  .iuipJe  if.an  the  il,«eili1,|t 
unc.  Iigivesjai  =  ^  (bi  +  sn): 
Ihercfipreff  wedraw  MQperppn- 

eaJI  iheca  nrdinaui"  %',  IIQ,  z  and 
jp,  we  sUiU  li»»e  MQ==^  <4«  + 
C  Qi),  or  M=7r  ('!'+  "".  fof  ilie 


rj=^afli+M)nnd 


ualionsj=^{t6  +  :5)  "bieli 


^ 


4 
i 


.--^" 


\ 


H  Y  P  —  H  YF3 


any  point  of  the    cnrve  is  every 
Mvhereeqnaltothe  transverse  axis. 

From  this  we  may  deduce  an 
ea»y  method  of  describing  an  liy- 
perboia,  whose  axis  are  2a  and  w. 
Take  an  interval  t/=  «  V  (aa-^-bb), 
and  make  use  of  a  ru  le  fHO,  longer, 
in  proportion  as  you  desire  to  have 
a  greater  proportion  of  the  hyper- 
bola: fix  oneexlremity  of  it  atone 
of  the  loci,  to  the  point  f,  for  ex- 
ample, so  that  it  may  revolve  freely 
about  that  point.  Take  then  a 
tliread  FMO  equal  in  length  to 
/"MO  —  2a.  Fasten  one  of  the  ends 
of  this  thread  to  the  point  O  of  the 
rule,  and  the  other  to  the  locus  F. 
This  done,  draw  the  rule  away 
from  the  axis  as  far  as  the  thread 
¥M0  will  allow,  and  then  bring  it 
again  gradually  towards  the  axis, 
taking  care  to  keep  the  thread  al- 
-ways  extended  by  means  of  a  point 
or  style  M  which  glides  along  the 
rale  /MO.  The  curve  described 
during  this  motion  by  the  point  M, 
'Will  be  an  hyperbolical  branch 
AM,  since  the  difference  of  the  ra- 
dius-vectors will  be  every  where 
equal  to  the  transverse  axis. 

This  same  property  will  enable 
JM  to  draw  a  tangent  MT,  fig.  2. 
to  any  point  m  of  the  hyperbola. 
For  if  we  conceive  the  arc  Mm  to 
to  be  infinitely  little,  and  draw  the 
lines /M,/m,  P**!,  Fm,  we  may  prove 
jnucnin  the  same  manner  as  m  the 
ellipse,  that  the  angles /mM,  MmP 
are  equal,  and  consequently  that 
if  we  bisect  the  angle  /MF  by  the 
line  MT,  this  line  will  be  the  re- 
quired tangent. 

This  being  premised,  in  the  tri- 
anglc/MP,  we  have/M  :  MF  =/ 
T:  FT  and  therefore  by  coraposi- 
uon  y M-f  FM :  /M :  :/T  +  Fl' :  / 
tcz  aa4-  a  ^  aa  •}•  ex 
Tor---:         ]"     =ac; — 

i=  ^ -  +  c,  therefore /T  —  cor  CT 

s 

—  ^ ,    which  gives  this  proper. 

lions  CP :  CA  »=  CA  :  CT,  by  which 
it  is  easy  to  find  tiie  point  T,  and 
consequently  to  draw  the  tangent 

MT. 

We  may  observe  that  CT  being 

equal  to  — >  it  is  always  positive 
at  loDir  MB  g  is  BO,  Therefor*  every 


tangent  to  the  hyperbola  cuts  the 
axis  in  some  point  T,  between  A 
and  C.  But  as  the  abscissa  in- 
creases, the  line  CT  diminishes  so 
that  it  is  infinitely  little  or  notlnng 
when  the  abscissa  is  infinitely 
great.  Hence  we  see  that  through 
the  centre  C  we  may  draw  two 
right  lines  cX,  Car  which  will  be 
tlie  lithits  of  the  tangents  to  the 
hyperbola,  these  lines,  whose  po- 
sition we  shall  t>oon  determine,  are 
called  the  osyniftotes  of  the  hy- 
perbola. 

The  snbtangent  PT  =  »  —  ^= 

zz —  aa 


and  the  tangent  MT  = 

iaa  «"  ) 

,  (aa4-bb    „      ,,       ^  .  ,  «* 

ca  a  ^^ 

If  we  draw  the  norm  I   MN  we 
shall  ha.'e  the  subnormal  TN  -= 

aa  ^  bbz  . 


zz'^da 


ua 
and 


the  normal 

The  line  AT  =  a  —  CT  =  a  — 

^'^'i  and  if  we  draw  AS  parallel  to 

z 


MP,  we  shall  have  PT :  PM = AT :  A 


S,  or- 


XX '"ua 


==  i  j{^      ^\    Now  if  we  suppose 


.     *  —  "        11 
a  infinite,  the  quanuty -— J—;    will 

z  -Y  a 

not  differ  from  unity.  Consequent- 
ly we  shall  then  have  AS  =6. 
Hence  it  follows  that  if  we  draw 
AD  and  Arf  perpendicular  to  CA, 
and  each  equal  to  the  semi-conju- 
gate axis  6,  the  lines  CD,  Crf,  drawn 
so  as  to  pass  through  the  poinu  D, 
rf,  and  the  centre  C,  will  be  the 
asymptotes  to  the  hyperbola  MA 
M',  and  if  prolonged  in  a  contrary 
direction,  they  will  be  those  of  the 
opposite  hyperbola. 

If  the  hyperbola  is  equilateral 
the  angle  DCrf ,  made  by  t\\e  %.vjvtv^ 
totes,  is  a  right  ta^ile,  Iw  \Xiwi \> 
AsAdsCA. 


MATHEMATICAL  AMD  PHYSICAL    BCIBITCI. 


The  hyperbola  referrtd  to  iU 
asyniittotes  has  many  properties ; 
here  follow  the  principle  of  them  : 

If  though  any  point  N  (fig.  3.)  of 

the     asymptote     we     draw    the 

straight  line  N»  parallel  to  the  line 

J)d,  we  shall  have  CA :  DA=  CP: 

bt 
NP  or  a  :  6  =  s :  — •  therefore  N 


bz 
M  =  —  —  »,  and 


Consequently  NM  X  Mil  =  — —  f« 


s=bb  =  DA«. 


and  that  MP*  = 


Since  NP«= 


bb,  we  have 


always  NB>  MP.  Consequently 
the  hyperbolic  branch  can  never 
come  in  contact  with  its  asymp> 
tote,  however  it  perpetually  ap- 
proaches towards  it,  for  as  the  ab' 
scissa  increases,  the  difference  be- 

tween— -—  and  — ^—M  becomes 
a*  a* 

less  sensible ;  so  that  if  we  suppose 
z  infinite,  this  difference  vanishes. 
Draw  MQ  and  AL parallel  to  the 
asymptote  Cd,  It  is  easy  to  see 
that  the  triangles  DLA  and  LCA 
are  isosceles.  Let  then  AL  =  DL 
=  m,  CQ  =  x,QM  =  y.  Ifwedraw 
MK,  parallel  and  equal  to  CQ,  be- 
cause of  the  similar  triangles  DLA, 
NQM,  M/Kn,  we  shall  have  the  pro- 
portions MN :  D A  =  QM  :  LA 
Mn  :  DA  =  MK:  DL« 
Therefore  Mn  X  MN  :  DA^  =QM 
X  MK  :  AL''.  But  Mn  X  MN  =  D 
A^,  hence  xy  =  fHn,  an  equation  to 
the  hyperbola  referred  to  its 
asymptotes,  in  which  mm  s=.^  (aa 
+  bb)  is  called  the  power  of  the  hy- 
perbola. 

If  two  parallels  1^,  Gf ,  (fig.  4.) 
terminated  at  the  asymptotes  cut 
an  hyperbola  in  tbc  points  m,h,pt 
K,  we  shall  have  Gp  Xvg  =  Fm  X 
«|/".  For  if  we  draw  MmN,  Pj»Q, 
perpendicular  to  the  axis,  we 
shall  have  Fm :  Mm=  Gp :  Fp  and 
mf  :  iwN  :  :  pg  :  pQ  therefore 
Vm  X  mf:  Mm  X  mN  :  :  Gp  x  pg: 
Pp  X  pQ.  But  Pp  X  pQ=  bb 
=  MmXmN.  Consequenily  Fm  X 
mf=  Cp  X  pg.    And  therefore  also 

KgXKG=fhXhlf, 
If  we  su 

K  coincide 


line  TDf  will  be  m  tangeat  to  tkt 
point  D,  and  we  aknll  have  Vmxmf 
=  Dt  X  DT  and>&  X  AF=  IM  =  DT 
=sFm  X  mf,  therefore  A  (*a  +■ 
F)  =  Fm  (m4  +  V)  ;  werrtoe  ft 
=3  FIm,  and  conte«|aeiiUyTD=:Dl. 
But  if  we  draw  DR  parallel  lo  O, 
or  an  ordinate  lo  %hm  asympUKe  C 
T,  the  iimilar  trianglca  TDK,  nc. 
will  give  TEss  EC.  Goueqncatly 
to  draw  to  the  hyperbol  a  tangnt 
to  a  point  D,  correspond  wglolfce 
ordinate  DB»wemaat  take  ETr^B 
C  and  draw  through  th«  poiBtsT 
and  D,  the  Ungent  TDf. 

Since  we  always  hav«/k«  Wm, 
in  whatever  manner  we  dkaw  the 
straight  line  Vf,  the  two  parts  fim 
/%  intercepted  between  tbecanrt 
and  its  asynaptotes  will  always  he 
equal. 

Heuce  we  derive  aa  eaqr  bus 
ner  ef  describing  an  hyperbola  kt 
tween  two  given  aiymptotes  CT, 
a,  and  psMing  thnMigh  a  gives 
point  m. 

Draw  throngh  this  pointthc  right 
lines  F/,  MN,  Jkc.  and  lake  Jksi 
Fn,  »N  =s  Mm,  &g.  and  the 
a.  A,  &c.  will  be  in  the  hypwt 

According  to  what  we  navei 
a    tangent    TMf.     temainalcd  si 
the  asymptotes  is  bisected  at  dn 

E»int  of  contact  M.  If  we  dnv 
CM/,  this  line  is  called  a  difl» 
ter;  the  tangent  Tlfl  is  its  coius- 
gate  diameter.  lis  ordinatcs  sm 
the.right  lines  mQtmf  mirallei  to  ite 
conjugate  diameter  TM/  or.  HCit 
and  the  psranieter  of  any  diant- 
ter  is  a  line,  a  third  proportkNul 
to  that  diameter  and  iiscunisiBiek 
The  line  MGM  =  »C  Mis  also  called 
the  first  or  principal  diameter, sad 
the  line  TMf  =9TM=  DCd=tDC 
is  tlie  second  conjugate  diameter. 
This  premised,  it  is  easy. to  ace 
that  a  diameter  bisectoall  iuor«< 
nates.  For  NQ  :  Q^  ==  tM  :  Mfi 
and  Km  =  mn.  Call  ibeu  CM  =«i 
CD=TM=n,CQ=x,Q«,=:-,a 
we  shall  have  m  :  nii  x  i  NQs. 

^,    But  Net  X  mn-:*  TMl?.  Heact 

we 


n«  = 


-;^--|nr.andsiy=  —  «» 

— ffi'2),  an  equation  similar  to  thsl 
of  ilie  co-ofdinates  to  the  trsBi> 
verse  axis. 


ippose  that  the  pom\sp,\   iVwa  «va»S»«^^ 
e  in  a  single  poiut  T> ,  v\ie  *  ^    ^*^  V 


S2»^« 


=v 


4'i><).    ConiMlBcnII]' ir  lie  mil 

W  =  ■^(.'fl  +  'n  for  "IL.  cqu»lk 
u>  ihi  CMtctiniLtH  or  ilic  tfc-in 
diiineurCDJLIiHty  ti>l>orcc|> 

'"uTnoiTicAV  the  Uxiiiven 
uitnflhahyperbolx.i.iKl  luiipui 
Ihm  BA  renrewDU  llii  nnil-ennj. 

fiu  ui>;  irwe  dnw  1)B,  TC,  M 
E.  pcrpvndicBlmr  lo  tlii>  hU,  >nd 
NI..(K  Hiriillfl  to  lu  tbie  <r\m<\t\a 
HTL.  UfK.CDE,  wilt  br  cnai.i  iiiri 
•iniUr.n«cailGP  =  H>U 

TL=i,  ■ndubcronCU^fN, 
=  ■,  CA  =  »,  AB  =  »,   Be. 
■    bueTO  =  >-f  t,CO  =  u  +  r, 
qucnttV  «i4-«  =  »ii-f  ^;   be. 
•Mc)  -n.  I  Ht  1 1  HP :  PS,  or  I :  r 


•UtaUn;  tliig  v>ln«  Id  Ihe  cqi 
^!tXSve"of:DBs:'a!b''rc"^ 


i>Te  DMC,  or  t  CDTU  =  i 


Third,  DB  =  -CP.  Hcnct  D 
E'=^CP»=  >'+Pll^iini  Dli? 
—  PM!  =  (*. 


"-    IIP*  =  CP'  — A  Goueqiicnl 
lyCP"  — Ce«=a* 

Pl.lh,  ■»-*«  iJCP^+PM'  — 
DB«— CE'  —  CBC— CD".  Tliere- 
fnr*  U»  dilTinnce  of  the  •quarei 

eqonV   lo  the    .lllfcrnice   nf  iha 


imilitmal  HtriiiOLt.  ii  ihu 

Inioribed,  or  (Ullnc  within  u  u- 
elr  forand  by  lu  UTBploMi,  and 
Ilioolbcr  clnamicrlbnl  orfiiljlna 
»idiiwt  that  uiEle.  TbHiioiicat 
NevlDi't  triple  hyparbalu  or  tha 
siKQnd  order.  8e«newloo'i "  Enu- 
nsentlna  of  Iha  Carvai  oT  th« 
Third  Order." 

JurmiiH^  HiPiRiOLi,  *  nune 
«iv*n  by  Newton  to  four  »f  liii 
ciirvei  oftha  Kcond  orderi  tit. 

iKe'eSialtoii  i»"  V  ei  =- "i«  +  » 
i'  4-  «  4-  d  ;  helni  hyperbulu  of 

*  ^tiP^'aJ'^gJ™,^  J,  ,h„»i,(ch 
froni  the  teeUon  of  ■  con* 
plane:  called  alio  the  caw. 
e  AfcUaHali  hfftrMa. 
■(oMBiriaaoLii.arethnM 
il   or   lyl>4    LOfeiher,  and 


E^uiUUiriU  at  Ittetaxgmlar  Ht- 

ijmptoiei  make  ■  litbt  tn|le. 
..eace  llie  property  w  eqaBlion  of 
tlie  eqallalenl  hyperboU  1a  v*^  d 
1  +  ^.  wber*  a  b  the  »l>,  s  the 

'  kIh,  md  If  lo  erdlnaiE ;  wbtoh 

bIibIIu  id  the  equatioD  of  the 

..rule,  vfa-yi^M—t*:  differing 

inif  where «b the AteiBCtci  ut<^ 
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pressed  or  defined  by  general 
equation^  similar  to  chat  of  the 
conic  or  coninion  hyperbola,  but 
having  general  exponents,  instead 
ot  the  particular  numeral  ones,  but 
e<)  that  the  sum  of  those  on  one  side 
of  the  equation  is  equal  to  the  sum 
of  tiiose  on  the  other  side. 

Obtuse  H  Yr£RBOLA,  is  that  whose 
asymptotes  form  an  obtuse  angle. 

Nodated  Htfbrbola,  a  term  ap- 
plied by  Newton  to  a  curve  of  this 
kind,  which  by  turning  round 
crosses  itself. 

Rectangular    Hypekrola,   the 
same  as  equilateral  hyperbola. 

HYPERBOLIC  Arc,  is  an  arc  of 
the  hyperbola,  the  length  of  which 
may  be  found  thus  : 

liet  t  and  c  represent  any  semi- 
diameter  and  its  conjugate,  and  y 
the  ordinate  which  limits  the  arc. 
to  be  measured  from  the   vertex, 

t^  +  c* 
making  — 4—  =  y,  and  hyp.  log. 


D,&c| 


=  A. 


y  v^CC^+i^)— c^aJ  =  B 


Also  i  I 

i|yV(c^-f  yO-3cVBj  =c 

{  I  ys  v'(c'  +  y^) — 5c'  C I  =  D 

&c.  &c. 

the  lenglii  of  the  arc  contained  be- 
tween the  vertex  and  ordinate 
will  be 


14^ 

Ct,^  H-  Mf  »c«  ■^-  48ffc*  +  Meg 

To  which  may  be  added  the  fol- 
lowing approximation  : 
4.  Arc  =  '^c*^-K>0f'-mc^)4r 

i'Mc!*t'i-(iii*-^^lc*)4s 
+  p  nearly. 

Hypbrbolic  jireop  is  the  area 
or  space  contained  l>etween  the 
curve  of  tne  hyperbola  and  otb«r 
lines  ;  which,  when  it  ii  cut  offbj 
a  double  ordinate  perpendicular  lo 
(he  axis,  may  be  found  as  follow: 

Let  <  and  c  still  represent tke 
semi-diameter  and  its  cofijagmtr,x 
an  absciss,  2jr  the  double  ordinate 
which  cuts  off  Uie  segment,  ands 
its  distance  from  the  centre;  Um 

l.Hyp.  area  =  «|f~<cx  h}'p.l«ei 

^    ty-^cz         ,  .  X 

of      V.  makinff  ■     si. 

we  have 


S<  +  x 


2.  Hyp.  area 


1.  Arc  =  f  X  {  A 


H-fB-l> 


D  — 


3.571 


E,&c. 


2.  Arc 


f  t'  V* 


2.4.6  2.4.6.8 

t^  yt 
6c 

(t*  f  4f2c-j)y* 

40c5 
(t^_j-4Uci-\-8tic*)  !/^ 


+ 


3.5.  r        5.7.1J      '        J 

3    .     arua  =  2.ry  |  .1  ^  -J^   Af- 

7  B^— JCg— ,&c  j 

where  A,  B,  C,  &c.  rt-preseitt  W* 
precediii^j  terms. 

To  which  may  be  added  tliefol- 
lowing  approxiinationb :  rir. 


4  v'C«'+ 


5^ 


llici-' 


&c 


3.  Arc 


•I 


A^ 


-:.T~  —-  B  ^ 


t*-\-4ric'i+8c^.\ 


20 


234 


t*  -t  Ac* 


\ 


4,  Hyp.  area  =  -^^^  J 

lit    I 

5.  -    -  area=      --  i«^(«r+ 

^  3ti)-\-\^%tx  J  nearly. 

Hyperbolic  /^riM^wn or Zm^i^ 
the  space  included  between  U* 
curve  and  two  lines  parallel  » 
cHch  other,  and  perpeiidicolarlA 
the  axis ;  the  area  of  which  >« 
e.\ual  to  the  dilFerence  of  two  k? 
\vv^iv^\a  cvx\.  vj^'cfi  t.hose  hue*.   U^i 


a  T  P — U  T  P 


Uc.  whlchinheionnforliyp.ias- 


lOLKfrUlaiu.oi  Na- 


Thc  logarilhiD  uf  an;  m 
(he  indu  of  tiic  putter  i 


|h'  n^  Df  Ihc  >yi»in ;  and  It  it 
plcuare.  If  *e™Se  r^lMl  will 


(o-i)'-i{a-i)'+.  ic.  or 
h.  tOf.(l  +  «)=B-ia<+l«>-i 
«♦+  jo'— .  *c- 
Tbi>  ittUolnplHt  form  (hU the 


HYFKRfiOLlCUH  Ac» 


"S^tPBRBOLOJD,  ur  Hipmio- 


Tl.,^1,  ttnd.hy  Hit  proper  far.im. 
la,  the  «ea  of  Uie  frwiuni  nf  ih» 


Trfu»^  '^'t 

r»hya-141«fo[ 

.  B>,rr«e=j. 

x^.v-y- 

-      hyp. 

where  p  =  s- 

m,  Y..J|Flh* 

«.  Solid  llj  = 

••'■•"''■rrr 

a.  Solidity  — 

lituda,  r  =  mdui 

Fruilumi 
l*t  D  ud 

^^'Jft^'«u^ 

MATHEMATICAL  AN1>  WIYSICAL  SCIENCE. 


1.  Solidity  =  Jptf|D«-f  d«  — 

2.  Solidity  =iya\m-\-Ar-\-<t^ 

i  where  ^  is  Uic  middle  diuincter. 

Hyperbolic  Spiiidlv. 
Let  A  =  the  peiieiuiiitK  urea,  I) 
thugitiilehi  tticinitrtfi-,  Lliii-  Icngtti 
ol  llic  .sjiiiidlo,  p=z  3'14l(f ;  tlieit 

l.Solidi.  <(!'''+ D^jA  , 


4.  SoHdl-  f  _ 


(»A— U))1C| 

»•       1 

where  C  is  the  central  dvOMMt. 

HYPOTENUSE,  oi  HYfoiP 
NUHB  111  GevfHetry,  is  thatiNkili 
nghi-anel«*d  liittiigle  trliidiJlf 
IHitiile  lo  ilie  nelit  wigJr,  » 
tiqttai  e  ot'  wliicli  in  equal  id  ii 
sum  III*  the  squmes  ol'lheuihcrM 
!)idra. 

HYPOIHJSSIS,  a  |vii|NaiM« 
IHiiicipie  whicli  i»  lanwacric 
uken  tor  enuited,  in  ofdcrto** 
conciusioiia  tux  the|iniofofa|rt 

ill  question. 


I. 


lACK,  in  Mechanics,  an  instni. 
nteiit  employed  in  ruising  heavy 
timbers  and  otiier  great  weights. 

ICOSAHEDKON  in  Geometry, 
one  of  the  regular  platonic  bodies, 
comprehended  under  twenty  equal 
triangular  sides  or  laces. 

To  tind  the  surface  and  solidity 
of  an  Icosahedron,  tlie  side  of  one 
of  its  equal  faces  being  given. 

Let  f  rei)i'e!tent  the  given  side  ; 
tiien  will  surface  =S«v  ^  3 

=:  8*0002540349 

solidity  =  f  *3  ,../      ^ 

=  2-1816950  y* 
The  radius  of  the  sphere  circum- 
scribing   an     Icosahedron     being 
given,  to    tind    its  side  or   linear 
edge,  surface,  and  solidity. 

Let  K  represent  the  given  radiuSf 
then  will 


bide 


surface  =  2 R^  (5  v  3—  \/  ?5) 

solidity  =:§RSV  (10 +  *-*>/  ^) 
Or  pulling  r  to  represent  the  ra- 

dius  of  the    inscribed   sphere,  vre 

shall  have 

side  .    =  *•  >/  (42  —  18  v/  5; 

surface  =  2r'  (7  v'  3  —  3  V  15) 

sohdiiy  =  10r8(7  ^^  3  —  3  y  15) 

Or   writing  *    for  the   side,  we 
have  radius  cucuni.  sphere 

radius  inscrib.  sphere 

ID  KS,  in  Oie  BAtmuM  Calendar » 
236 


commenced  on  the  flfletmh  iiji 
March,  May,  July,  and  OelB^ 
but  on  the  thirteentU  la  bU  « 
other  months. 

JET  d*£au,  a  French  trarf  4 
nitying  a  fuuntain  that  thiWH^ 
water  to  some  height  in  ihcrit, 

IGNITION,  the  appliealta' 
fire  ui  metals,  till  toch  tiiM«*9 
become  red-hot  withoat  aaM 
Ignition  takes  place  in  foM.iiM 
and  particularly  in  iroa  ;  WW 
and  tin  melt  before  tlttefmt^ 
hot. 

ILLUMINATION,  thatwUife* 
suits  from,  or  the  effect  ol^ak 
minous  body. 

IMAGE,  in  Optbis,  istbt  a|f» 
ance  of  an  object  made  eKJterlf 
reflection  or  refraction.  BccLM 
Mirror,  Rkplcctioii,  uA  ^ 
fraction. 

IMAGINARY  QumnHtttt,  tft^ 
POSSIBLE  QuantUies,  in  Mgi^ 
are  certain  expressions  thai  M^ 
in  various  algebraical  opcndM 
to  which  no  value  either  mi^ 
or  irrational  can  be  aastgM'i^ 
being  substituted  in  the  •Q**' 
whence  they  were  dedaeA  ^ 
are  found  to  answer  the  coaiiiii' 
of  the  question. 

When  the  result  of  any  cosrf* 
leads  to  an  imaginary  qaniaifi* 
may  always  infer  thatsoaectf^ 
tion  which  is  impossible  hll* 
ed  into  the  great  line  frooiwli^ 
tliat  equation  is  deduced.  llMk' 
the  result  were  x  =  4  ^  ^^-it 
would  be  evident  that  sum  *>^ 
had  been  assQmed  for  m  whkk  K 


k 

I 
t 
i 


<r 
H 

h 
k 

X 

«i 
m 

t 

i 

♦  I 


I  M  A — I M  A 


red  by  Retracing  the  atcpt 

tnmspotint  4,  we  have 
#—4=^  —  4 

3 Daring  both  sides  gives  us 
—  &c  +  16s'4 
MMiDg  and  changing  the 
e  have 

h  8*  —  a^  is  the  product  of 
-  jr ;  and  the  conditions  of 
»lein  are  that  two  nnmbers 
fo^nd  wliose  sum  is  8  and 
10 ;  whicli  is  evidently  iin> 
I  M  the  greatest  prodnct 

1  established  principle  in 
that  +  a  X  +  a  =  o^,  and 
«s=^;  and  hence,  con- 
it  follows  that  ^tf>=  +  a, 
bat  this  ambignJty  has  not 
we  know  how  a*  was  ge- 
and  have  occasion  to  re* 
e  steps  of  our  operation ; 


vc  cannot  say  that  *J  —  a 


:  •;  for  the  square  root  of 
itk  these  cases,  is  deter- 
ttet  is,  when  considered 
■rd  to  its  generation  it  has 
)  not,  whereas  had  its  ori- 
leen  Juiown,  we  mast  have 
he  ambignons  sign  to 
a,  and  for  this  obvious 
hat  we  know  not  when  tfi 
ditionally  assumed,  whe- 
e  ^e  representative  of  (+ 
-  «)> ;  these  being  both  ex. 
by  the  same  symbol  efi, 
rictaon  of  which  we  have 
takhig  sometimes  takes 
equations;  thus,  for  ex- 
oppose  it  were  required  to 
ri^loe  of  X  in  the  equation 

t)sz  8  +  V'  ^^  ^"^^  ^^^ 
at  there  is  this  limitation, 
sqvare  root  of  x,  or  of  4, 
sesaarily  be  —2,  and  not 
be  latter  supposition  will 
'er  the  conditions  of  the 
\  and  thereason  is  obvious, 
that  we  first  found  y/  x= 
1  then  X  =  4 ;  but,  in  re- 
nr  steps,  we  must  remem- 
this  4  was  generated,  and 
UM  not  two  roots,  or  has 
imbignous  sign  belonging 
le  square  root  of  4  would 
iBecMiditionally*assumed : 
Um  tanhignityin  the  ex*, 


traction  of  the  ftquare  root  arites 
only  in  those  cases  in  which  wjb 
are  unacquainted  with  the  genera- 
tion of  the  quantity  whose  root  Is 
to  be  extracted ;  and  there  it  must 
necessarily  occur,  as  we  have  be- 
fore agreed  to  represent  both  (•(- 
a)*  and  (— «'^'  by  the  same  charac- 
ter ««. 

If  therefore  it  be  required  to  fin4 
the  product  of  ^^— 1  X  V— l,we 
see  immediately  that  it  is  equal  ti> 
y/^-^  1>«=  V 1 ;  but  under  this  \lr 
mitation,  that  the  root  caa  only  be 
expressed  by  —  1,  and  therelbre 
this  product  may  always  be  repre- 
sented by  —  1,  or  by  —  y  1 1  and 
it  can  never  have  any  other  form. 
If  the  product  y/  —  !  X  ^  —  1  X 
\/  —  I  were  required,  this  would 
on  the  same  principles  be  re^n- 
sentedby  — %/— 1;  and  the  fourth 
power  of  y  '"  1  is  equal  to  -|-  1 ; 
but  with  this  limitation,  that  th« 
root  of  this  quantity  can  only  be 

—  ],  and  not  4-  1 :  hence  then  we 
have  (^-1>'=-1,  <V-1)«= 

V-land(V--l)*  =  l,(V-l)«=» 
V— -1;  and  consequently,  the  tfth 
power  will  be  the  same  as  the  9d, 
the  7th  the  same  as  the  3d,  the  8ih 
the  same  as  the  4th,  and  so  on« 
And  exactly  the  converse  of  these 
rules  must  be  observed  in  division. 
These  examples  involve  all  the 
cases  thai  can  arise;  for  if  the 
quantities  to  be  multiplied  or  in- 
volved  be  \/  a  X  v^  —6,  we 
have  only  to  write  these  y/ a*  t^ 

—  IXV^'V  — 1=  \^tf6,and 
(V  — «)*X(y'  'b]^:=abiy/  1)« 
^^'-^ab  ;  this  product  may  be  put 
under  a  simpler  form,  v — <**  X 
V  — i^  =  aV  — 1  xbJ^l=s 
a6(V  — 1}^=  ab.  This  showa 
the  necessity  of  always  separating 
the  quantities  into  such  factors  that 
only  -^  1  is  found  under  the  radi- 
cal, for  according  to  tbe  common 
rules  for  the  multiplication  of 
surds,  we  should  have  V  —  rf»  X 
^  —  68  =:  y  (—  a«  X  —  *«)  y/d*b* 
=  a  6,  which  is  a  false  resul( ;  buC 


we  have  no  right  in  this  case  to 
sume  >/  a^  6^  =  a  b,  because  we 
know  its  generation,  and  that  it 
arose  from  the  product  of  two  ne- 
gative signs,  and  therefore  its  root 
must  necessarily  be  a  6,  and  not 
^ab,  Tliese  ni\e»  mtatx  \ie  n«yv 
carefaUy  attended  v>»\a  fygcxttitXA^ 


MATHEMATICAL  AN1>  WIYSICAL  SCIENCE. 


1.  Sulidily  =  ipa^DV-f  a^  — 

at"  i 

2.  Solidity  =^yfl I D-i^-  A^-^-d^ 

i  where  ^  is  Uic  middle  diameter. 

Hyprr/wlic  Spiiullv. 
Let  A  =■  the  peiieiuiinK  urea,   D 
tlieKitiile.>i(iiiiniettM-,  Lllie  ienglli 
ol  the  .spiiiiilc,  7/=  3'141({;  then 

1.  Solidi-jlI^+i^OA       ^,1 


4.  8"licli-  f-^  .    (3A  — LD)4Cl 
ty^pL|^+ L J 

where  C  is  the  central  distance. 

HYPOTENUSE*  01  UYroTHi. 
NUHK  III  Geometry,  is  thatsideuta 
rigtii-unglfid  uuninle  Which  Js  up- 
|K>bite  10  the  right  angle,  ibc 
(iqiiuie  (It*  which  i>  equal  tu  ike 
sum  uf  the  squares  ul'  tlu;  mkertwu 

'  HYPOTHESIS,  a  imipuiitkNi  or 
praici|ile  which  i»  saupokcd  w 
uken  furgraiiled,  in  unierUidnv 
eoiiclusious  Uir  ihc  pmof  ofajnal 
ill  quesliuo. 


I. 


lACK,  in  Mechanics,  an  instni. 
tiient  employed  in  raising  heavy 
timbers  and  oilier  great  weights. 

ICOSAHKDKON  in  Geometry, 
one  of  the  regular  platonic  bodies, 
eoiiiprehended  under  twenty  equal 
triangular  sides  or  laces. 

To  find  the  surlacc  and  solidity 
of  an  Icusahedron,  tlie  side  of  one 
of  its  equal  faces  being  given. 

Let  f  represent  the  given  side  ; 
tiien  will  burl'ace  ==5  si*  y/  3 

=  8*00025403  49 
solidity  =  f ^  7  +  B^y/5 

=  2'I81G950r' 
The  radius  of  the  sphere  circum- 
scribing   an     Ico.sahedron     being 
given,  to    find    its  side  or   linear 
edge,  surface,  and  solidity. 

Let  R  I  epreseniihe  given  radius, 
then  will 


bide  - 


=av(i^i^^') 


surface  =  2  R'  (5  V  3—  y/  U) 
6olidiiy=:§RSV(10-f'iV5) 

Or  ]>uiiing  r  10  represent  the  ra- 
dius of  the  inscribed  sphere,  vrc 
shall  have 

side  -    =  "  y/  (A2  —  18  s/  5) 
surface  =  2r'  (7  ^  3  —  3  V  15) 
solidity  =  10r8(7  y,/  3  —3  y/  15) 

Or  writing  s  for  the  side,  we 
have  radius  circum.  sphere 

radius  inscrib.  sphere 

JDfCS,  iniUe  jRvifmn  Calendar » 
2d6 


commenced  on  the  flfteenth  dirrf 
March,  May,  July,  and  Oetobrr, 
but  on  the  thirteenth  in  all  the 
other  months. 

JET  d'Eau,  a  FMnch  word  i^ 
nitying  a  fountain  tliatUunnnip 
water  to  some  heiaht  in  thei^. 

IGNITION,  the  applteaik»  of 
fire  tn  metals,  till  such  timesslbci 
become  red-hot  without  melUifi 
Ignition  takes  place  in  gold,  ■Ivh; 
and  particularly  in  iron  ;  batkii 
and  tin  melt  before  they  an  ic* 
hot. 

ILLUMINATION,  thatwhlehm 
suits  from,  or  the  effect  o^  a  !§• 
minons  body. 

IMAGE,  in  Optics,  isthe  a|vcl^ 
atice  of  an  object,  made  eltlier  by 
reflection  or  refraction.  See  Immm, 
MiRRoa,   RKPLacTioM,    and  B» 

FRACTION. 

IMAGINARY  Qsumlifift.  orl» 
POSSIBLE  QuofUiiies,  in  Aigttn, 


are  certain  expressions  that 

in  various  algebraical  opustisa^ 
to  which  no  value  either  ralivil 
or  irrational  can  be  aasigntd,  yci 
being  substituted  in  the  cunM* 
whence  they  were  deduce^  iktf 
are  ■  found  to  answer  the  iuiMiilii*i 
of  the  question. 

When  the  result  of  any  eqMlhi 
leads  to  an  imaginary  qnaalilji** 
may  always  infer  thattoeaecoBfr 
tion  which  is  impossible  has MM^ 
ed  into  the  great  line  Ihmwkieh 
that  equation  is  deduced.  Itab^ 
the  result  were  jr  =4  +  ^— ^il 
would  be  evident  that  suae  v^ 
Vv^d^cen  assumed  forcwUehk 


I  M  A — I M  A 


discovered  by  vcCracfing  the  itept 
of  the  eqsaUon» 

Firstj  transposing  4,  we  have 

«— 4=^  — 4 
Then  squaring  both  sides  gives  us 

a:«^&c+16=:  — 4 
Transposing  and  changing  the 
•ignSf  we  have 

In  which  8ar  —  a^  is  the  product  of 
4>  by  8  —  jr ;  and  the  conditions  of 
the  problem  are  that  two  nnmhers 
•hall  be  found  whose  sum  is  8  and 
jNTodnctSO;  which  is  evidently  iin- 
poesibie,  as  the  greatest  product 
is  18. 

It  is  an  established  principle  in 
algebra,  that  +  a  X  +  a  =  o^,  and 
—  «  X  —  a  =  «*;  and  hence,  con- 
versely, it  follows  that  ^4^=  +  a, 
or  —  a:  but  this  ambiguity  has  not 
place  if  we  know  how  tfl  was  ge- 
nerated, and  have  occasion  to  re- 
trace tlie  steps  of  our  operation ; 


that  is,  we  cannot  say  that  s/  —  a 


X  — a  =  ±  •  ;  nor  Ihat  v^  -f  a  X 

-^  «  =  ±  «  ;  for  the  square  root  of 
^f  in  both  these  cases,  is  deter- 
mined; that  is,  when  considered 
'With  regard  to  its  generation  it  has 
only  one  root,  whereas  had  its  ori- 
Sia  not  been  Juiown,  we  must  have 

Sven  the  ambiguous  sign  to 
le  root  a,  and  for  this  obvious 
reason,  that  we  know  not  when  tfi 
is  unconditionally  assumed,  whe- 
ther it  be  the  representative  of  (+ 
«)*•  or  ( —  a)B;  these  being  both  ex. 
jwnessed  by  the  same  symbol  tfi. 
The  restriction  of  which  we  have 
iMen  speaking  sometimes  takes 
Ijdiiee  hi  equations;  thus,  for  ex- 
Mnple,  suppose  it  were  required  tu 
ilna  the  v^lne  of  x  in  the  equation 

V(U -|-  «)=:  6  +  V'  ^^  *^^^  ^^^ 
j;js4:  but  there  is  this  limitation, 

tliat  the  square  root  of  x,  or  of  4, 
mast  necessarily  be  —2,  and  not 
if  S,  as  the  latter  supposition  will 
not  answer  the  conditions  of  the 
cqaatioo;  and  thereason  is  obvious, 
aaiuely,  that  we  first  found  J  x= 
v  S,  and  then  x  =  4 ;  but,  in  re- 
tracing oor  steps,  we  must  remem- 
ber how  this  4  was  generated,  and 
that  it  has  not  two  roots,  or  has 
pot  the  ambiguous  sign  belonging 
ta  it  at  the  square  root  of  4  would 
hava  if  aneeoditionally'assumed : 
in  fac^^tilc  ambigiiicyin  the  ex- 


traction of  the  square  root  arises 
only  in  those  cases  in  which  we 
are  unacquainted  with  the  genera- 
tion of  the  quantity  whose  root  is 
to  be  extracted ;  and  there  it  must 
necessarily  occur,  as  we  have  be- 
fore agreed  to  represent  both  (•(- 
a)*  and  (— a*^'  by  the  same  charac- 
ter ««. 

If  therefore  it  be  required  to  find 
the  product  of  V"*l  X  \^— I,  we 
see  immediately  that  it  is  equal  to 
y/^-^  !)«=  ^  1 ;  but  under  this  li- 
mitation, that  the  root  can  only  be 
expressed  by  —  1,  and  therefore 
this  product  may  always  be  repre- 
sented by  —  1,  or  by  —  y  I ;  and 
it  can  never  have  any  other  form. 
If  the  product  V  —  1X\/  —  IX 
\/  —  I  were  required,  this  would 
on  the  same  principles  !>•  re4>re- 
sented  by  —  %/ — 1 ;  and  the  fourth 
power  of  v^  —  I  is  equal  to  -f- 1 ; 
but  with  this  limitation,  that  the 
root  of  this  quantity  can  only  be 

—  ],  and  not  +  1 :  henco  then  we 
have  (V-1>'=-1,  <n/-1)»= 

^-land(V--l)*  =  l,(%/-l)«  = 

V  — -1;  and  consequently,  the  0th 
power  will  be  the  same  as  the  2d, 
the  7th  the  same  as  the  3d,  the  8ih 
the  same  as  the  4th,  and  so  on. 
And  exactly  the  converse  of  these 
rules  must  be  observed  in  division. 
These  examples  involve  all  the 
cases  that  can  ariie;  for  if  the 
quantities  to  be  multiplied  or  in- 
volved  he  ^  a  X  y/  —b,  we 
have  only  to  write  these  ^ a*  i^ 

—  1X\/6.V— 1=  \^a6,and 
(x/— a)<X(y'  'bf=zab{^  ly* 
^—-ab;  this  product  may  be  put 
under  a  simpler  form,  v — ^  X 

V  — i«=av'  — 1  XftV— 1  = 
ab(^-'l)^=z  ab.  This  shows 
the  necessity  of  always  separating 
the  quantities  intosucn  factors  that 
only  -^  1  is  found  under  the  radi- 
cal, for  according  to  the  common 
rules  for  the  multiplication  of 
snids,  we  should  have  y/ •—  tfi  X 

V  — 68  =  >/  (—  a«  X  —  6«)  >/a«^ 
=  a  6,  which  is  a  false  result ;  buf 
we  have  no  right  in  this  case  to  as- 
sume $J  a^b^  =^  a  b,  because  we 
know  its  generation,  and  that  it 
arose  from  the  product  of  two  ne- 
gative signs,  and  therefore  its  root 
must  necessarily  be  a  6,  and  not 
±,ab.  These  xx\t%  xsma.  Vk«  n«y^ 
carefully  attcnded\D»\aov«x%x\»% 
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upon  radicals  under  which  certain 
iiiiagiaary  quantities  enter ;  as  it 
may  frequently  happen,  that  in 
consequence  of  quantities  differ- 
ently  generated  being  expressed 
by  the  same  symln)!,  we  are  led  to 
infer  their  equality,  when  in  fact 
no  equality  subsists  between  them. 
Imaoiha%y  Hoots  of  wa  EquatUmi 
are  those  values  of  the  uiiIluowd 
quantity  which  contain  some  ima- 
ginary expression.  Thus  the  roots 
of  the  equation  y^ — lOy-H  SO^  are 

5:^  y/ —  1,  and  the  three  roots  of 
the  cubic  equation  0:^  .  i  c=  o,  are 

1  +  V  —  3    — 1  — x/  — » 

*« 5 y i » 

and  1 ;  of  which  the  latter  is  the 
only  possible  value  of  x,  the  two 
former  being  imaginary.  8ome> 
times  the  root  of  an  equation  may 
be  represented  by  imaginary  ex- 
pressions, when  it  is  in  fact  equal 
to  a  real  quantity »  as  is  the  case 
in  the  solution  of  cubic  equations 
of  the  irreducible  form,  according 
to  the  method  of  Cardan. 

IMMERSION,  ill  Astronomy,  is 
wlieii  a  planet,  comet,  or  other 
heavenly  body  approaches  so  near 
to  conjunction  with  the  sun,  that  It 
is  enveloped  in  his  rays,  and  lost  to 
our  observation.  It  also  denotes 
the  beginning  of  an  eclipse,  or  of 
an  occultation,  when  the  body  or 
any  part  of  it  first  begins  to  disap- 
pear, either  behind  another  l>otiy 
or  in  its  Khadow. 

IMPACT,  the  single  instauia- 
neous  blow  or  stroke  comiuuiiiuui- 
c'd  fruin  one  body  in  ntotion,  to  un- 
oiiier  either  in  motion  or  at  rest. 
See  i*KRCUssiON. 

IMPENETRABILITY,  that  qua- 
lity of  body  which  pievunts  it  from 
bemg  pierced. 

IMPETUS,  the  product  of  the 
mass  and  velocity  of  a  moving 
body,  considered  as  iustantane(>u^, 
in  disiinction  Irom  niomentutn,  with 
reference  to  iinie,and^brc«  with  re- 
Jerence  to  capacity  of  continuing 
its  motion* 

IMPOSSIBLE,  in  Algebra,  the 
same  as  Imaginary. 

Impossiblk  Forms  of  Equations^ 
arts  those  that  will  admit  of  no  so- 

iiitioii  ill  rational  nambevs, neither   

integral  nor  fractional*,  bUcVi  «*\lotvQa\^3Qi!Qg^' 
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3 x*  ±  7  jr^  =?  s*, ftc  I  which  arc sll 
impossible  forma  of  equations,  U 
mitting  of  no  ratUnal  aolatkm. 

The  most  K«>wnil  method  of  dc 
tenniiiiitg  impoaaiUe  forau  Is  by 
means  of  the  linear  fuiais  (rf 
squares,  cnbes,  Ac.— Thus  sU 
•iquare  numbers  are  of  one  of  the 
two  forms,  4«t  or4is  +  l;  iris,  all 
square  numbers,  are  cither  esadly 
divisible  by  4.  or  when  divided  qr 
it  as  far  as  possible,  they  will  lean 
1 ;  and  therefore  no  numbers  oftk 
forms  4«  +  S,  or4is  +  J,caakt 
squares;  or  4  fs  4-  S,  and  4e-{' 
8  are  impossible  forms  for  aquft 
numbers.  In  the  same  ■uinne^  stt 
square  namhers  are  of  one  of  ttt 
fbrmsA  M,  orA  is±  1 ;  LhaliiaiVnR 
numbers,  when  divided  by  ^  as 
only  leave  the  three  reswilndftii^ 
1,  and  —  I  s  or,  which  is  thcssMb 
0, 1,  and  4 ;  and  thereftire  9m^t» 
and5fs+  8»  aire  imnoisihle  Am 
for  squares.  AgatDf  all  MR 
numbers  are  of  one  of  the  nm 

m,  7«+i»  rss-i^dk  orr*+<; 

and  therefore  7is  4-  ^  7«  +  ^T> 
+  0,  are  all  impoenble  fofvi*     . 

And  the  impossible  ibii^i  ■ 
cubes  are  obtahicd  In  tts  !■■ 
n)anner ;  thus  we  shalllliid  Ihsial 
cubes  are  of  one  of  the  IbflM  ' ^i 
7n  -f  If  or  7is  +  1^  and  eoB«* 
quently  all  the  other  forms  tea* 
dultts  7  are  impossible  fbms  te 
cubes  ;  that  is,  no  number  of  tkc 
form  r  J*  +  S,  7  fs  4-  1,7 •  -f  i'* 
+  5,  can  be  a  cube  number;  ii 
Lue  same  way  it  will  be  Ibaed  iM 
no  number  of  the  form  9 ■  ■4- ^ 
On  4- 3.  9m -f  4,  9»+9,9a4;^ 
0  n  -f  7,  can  be  a  cube  osmRi 
that  i<i,  if  a  number,  when  dlslM 
by  7,  leaves  a  remainder  S,  4,  ^* 
5 ;  or  if,  when  divided 
leaves  a  remainder 
7  ;  then  in  neither  case 
ber  a  complete  cube.  ^_ 

A  similar  mode  of  invH4|^tii* 
may  be  pursued  with  all  the  Mfkcr 
powers,  the  only  difficalty  bshc* 
tixing  upon  a  proper  modnlm^M* 
is,  such  a  nnmber  as  shall  m<* 
tiie  most  impossible  forms 
ing  to  it,  and  this  requires  s^ 
rate  investigation.  But 
every  power  has 
that  renders  it  < 


inder9,9,\« 
rided  fay  I,  > 

:asebthci» 


I  M  P — I  N  C 


All  Sd   pptren'^ 
are  of  one  ol'^  7  fi,  or    7  »  ± 


the  forms        J 
4th  powers     5  n, 


or    9  n  + 


1 
5th  powers    11  n,  or  11  is  ±  1 
0th  powers     7  n,  or    7  n  -f  I 
8lh  powers    17  it,  or  17  »  ±  1 
9th  powei s    10  n,  or  19  n  -^  i 
loth  powers    11  n,  or  11  n  +  1 
Che  7th  power  is  omitted,  not  be- 
ing reducible  to  a  similar  form. 

IMPULSB,  a  momentary  force, 
snch  as  that  which  arises  from  the 
andden  explosion  of  fired  gunpow- 
der, or  tba  momentum  of  a  moving 
body. 

INCIDENCE,  in  Mechanics  and 
^)pHes,  is  used  to  denote  tbe  di- 
recUon  In  which  a.body,  or  ray  of 
light,  strikes  another  body;  and  is 
otherwise  called  inclination.  In 
moving  bodies  their  incidence  is 
said  to  be  perpendicular  or  ob- 
lique, according  as  their  lines  of 
motion  make  a  straight  line,  or  an 
angle  at  the  point  of  contact. 

Angle  of  Incidsncb,  generally 
denotes  the  angle  t'orroed  by  tlie 
line  of  incidence,  and  a  perpendi- 
cular drawn  from  the  point  of  con- 
tact to  a  plane  or  surface  on  which 
the  body  or  ray  impinges. 

Thus  if  a  body  impinges  on  the 
plane  at  a  point,  and  a  perpendi- 
eniar  be  drawn,  then  tne  angle 
made  by  this  perpendicular  and 
the  incident  ray  is  generally  called 
the  angle  of  incidence,  and  the 
complement  of  this  the  angle  of 
IncliJiation.  Dr.  Wallis,  however, 
•nd  some  other  old  authors,call  the 
angle  lathe  the  angle  of  incidence. 

The  writers  on  optics  have  de- 
monstrated the  following  propo- 
iritions : — 

1.  That  the  angles  of  incidence  is 
always  equal  to  the  angle  of  re- 
flection ;  or  that  the  angles  of  in- 
clination on  the  two  sides  of  the 
perpendicular  are  equal. 

2.  That  the  angles  of  incidence 
and  refraction  are  to  each  other, 
accuratelv,  or  very  nearly,  in  a 
given  ratio. 

3.  That  from  air  to  glass  the  sine 
of  the  angle  of  incidence  is  to  the 
sine  of  the  refracted  angle^  as  300 
to  103,  oi-  nearly  as  14  to  'J ;  and  on 
the  contrary  from  glass  to  air,  the 
angle  of  incidence  to  that  of  re- 
fraction, is  as  103  to  300,  or  nearly 
as  0  to  J4. 
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Axis  of  Incidbnce  is  the  per 
pendicular  at  the  point  of  impact, 
or  the  line  separating  the  angle  of 
incidence  from  that  of  reflection. 

Line  of  Incidknck,  is  the  direc- 
tion in  which  a  ray  is  propagated. 

Point  of  Incidbnck,  is  the  point 
where  the  incident  ray  meets  the 
reflecting  or  refracting  body. 

INCLINATION,  denotes  the  mu- 
tual approach  or  tendency  of  two 
bodies,  lines,  or  planes,  towards 
each  other,  so  that  the  lines  of 
their  direction  make  at  the  point 
of  contact  an  angle  of  greater  or 
less  magnitude. 

Inclination  of  a  Right  Line  to 
a  Plane,  is  the  acute  angle  which 
such  a  right  line  makes  with  an 
oilier  right  line,  drawn  in  the 
plane  through  the  point  where  the 
mclined  line  intersects  it,  and 
through  the  point  where  it  is  aho 
cut  by  a  perpendicular  drawn 
from  any  point  of  the  inclined 
lines. 

Inclination    of  Meridians,  in 
Dialling,  the  angle  that  the  hour 
line  on  the  globe,  which  is  purpen 
dicular  to  the   dial  plane,  makes 
with  the  meridian. 

Inclination  of  the  Axis  of  the 
Earth,  is  the  angle  which  it  makes 
with  the  plane  of  the  ecliptic. 

Inclination  of  a  Planet,  is  an 
arc  or  angle  comprehended  be. 
tween  the  ecliptic,  and  the  plane 
of  a  planet's  orbit. 

Inclination  of  two  Planes,  is 
the  acute  angle  made  by  two  lines 
drawn  one  in  each  plane,  through 
a  common  \yo\\\X.  of  section,  and 
perpendicular  to  the  same  com- 
mon section. 

INCLINED  Plane  m  Mechanics, 
a  plane  which  makes  with  an  ho- 
rizontal plane  any  angle  whatever, 
forming  onb  of  the  simple  mecha- 
nical powers.  The  inclination  of 
the  plane  is  measured  by  the  angle 
formed  by  two  lines  drawn  from 
the  sloping  and  the  horizontal 
plane,  perpendicular  to  their  com« 
mon  intersection. 

The  following  are  the  principal 
mechanical  properties  of  the  in- 
clined plane. 

1.  When  a  body  is  sustained  upon 
an  inclined  plane,  the  sustaining 
power,  or  weight,  will  be  to  VX\^ 
weight  of  lYve  body ,  «a  VVve  s\xvt  «il 
the  plane's  mcVVwaUow  \%  vo  >iJfte  %v^* 


MATHEHAI'ICUL   AVD 

power ;    wcigM  =  heighl  of  ths 

a.  If  tWDbDdl«keep«ehoIhi 
iu  cqailihrid,  by  ■  auine  poHin 

inclined  pluei,the  wciebu  of  [he 
bDdiEi  wIli  be  Laeuhstheraittae 

of  Ibe  oppQiite  pluiei.  Thu 
cillliiE  tbe  Ode  body  P,  and 
oiberW. 

P:  W  =  9ii»lnclin>lian  kI 
to  iDcllnUiob  It  P ;  or  tr  the  bo 

•eend'infl    b.  in^nely'is   .— 
lenglbiof  IheplBoei,  bccauM  the 

S.  Tbo  veloclly 
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lolhei 


coniKoaently  tbat  iL  wiU  produce 
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jeciedap  Inclined  pLane»: 
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P«n«ndi«iilur  'o   Uie  horliioii,  a 

therefofB,  if  on  the  hypoibenDsc  a 


will  be  (11  eqnal,  end  each  equal 
to   Iha    Ume    ot'   lElling    freely 
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5iS 
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■alia  pen 
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*"'li1i^! 

tftimitnj'rlme  u 


n-  poweii  of  luch  imniberi  can  I 

coining i>tut»>U  wilb  c-cli  oilier 

INCRBHENT,  or  rinlU  D^6 


lnUllIlllllT.,  if(%d  of,  .1111, 
bv  !!>■  Pieiish  aUul  da  Uffi 
ikaittHkii  a».eLhudo(»*l?Ji 


H  C — I  M  C 

nds..erallylUem..™,*M 


i;  =  li  +  i*?-i; 

a'i  "=  i  * 

A  M=  3i»  A  I  +  Ir  A  I*  +  A  *» 


W  +  A»J  5  +  «  A  *)  (*  +  3"'"  "' 


Air(,  +  A-JsA*(^  +  AJ 
ij.n'+A'J('  +  eA')/ 


readily  fii 


Hen,  rnm  Ihe  precedinn  fur. 
lulD  «*  U»ve 

>»^=AW  +  aA(»')  +  4A('). 
A  (jaj  =;Ji«  A  '  +  »^  A  ^  +  Alif" 

Ai.  =  3'i'A-  +  -((aA''  +  «Ail 
+  Ai'+JA.i*  +  *Ai- 

lal  e™  by  Dr.  Taylor"  Uie  ai- 
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d^y  = 


sive  orders  of  its  fluxions,  by 
means  ot  whicli  the  fliixiunal  purUi 
in  both  the  iiunieiatur  and  Uenu* 
luinator  will  disappear;  and  we 
shall  have  the  value  of  A  Y,  ex- 
pressed in  ternts  ot  x  ana  ^  x ; 
and  this  expression  will  always  be 
tinile,  unless  the  tuncUou  be  tran- 
scendental. 

Let  us  propose  the  funbtion  y  = 
ax-{-  bsr^-^x^f  to  lind  the  value  of 
A  Y,  when  x  l>econies  x-\-  /^x. 
d  y  =  adx-\-ibxdx-ft-iix*dx 
d^y.=.  %bd£*  -i-0£dx^ 

ri»y=  6    dx^ 

f/»y=  0 

Now  these  values  being  substi- 
tuted in  the  general  series,  we  shall 
have  for  the  iucrentent  of  y. 
Ay  =  A^  (« +  26a- -f  3ar^)  4- 
£^3^{b-\-  ix)-\-t^x^. 

Again,  given  y=.ax'-\-ba^  —  ex* 
-\-x\  to  tind  the  increment  of  y. 
d  y  =  adx-\-Zbxdx  —  3cx*dx 

•\-2bdaf»—6cxdx'* 
-{-Ua^dai* 
—  6ctfxS-V24xda-^ 
-f  24    dx* 
0 
Whence  making  these  substitu- 
tions in  the  general  theorem,  we 
have 

+  2fta:--Scx«-f4 
^a"(6  —3cx-\-  6a") 
(c  -i-4a:)  +  A*"* 
Inverse  Aletfiod, 
In  this  method  the  question  is  to 
find  the  integral  or  function,  from 
its  increment  being  given,  it  is 
attended  with  ihe  very  san)e  difli- 
culties  as  the  inverse  method  ot 
fluxions ;  for  as  in  that,  every  Huent 
may  be  readily  put  into  tluxioiiii ; 
so  may  the  increment  of  any  func- 
tion be  readily  obtained  ;  but  as  it 
is  frequently  dillicult,  and  some- 
times impossible,  to  find  the  fluent 
of  a  given  fluxion  ;  so  tliere  are 
many  cases  that  will  not  admit  of 
integration  ;  we  shall  give  some  ol 
the  most  usual  and  obvious  rules, 
and  which  will  apply  to  many 
examples. 

First  let  us  attend  to  the  powers 
of  a  variable  quantity  x. 

Since  A^  =  Ai^);  therefore  re- 
ciprocally, y.^^  =^«     And  if  we 
suppose  A*»  *>■*  ctjwslanl  (a  suy\»o- 
fijtjon   that   has  place   iv^  vxW  vWav 
follows)  we  shall  have, 
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Ay 


^l^x  (a  - 

:<*«)  +  A 

C+A*' 


/.  A  *  X  1  =  ar,  or  A  a:/.  1  =Xi 

/ 
therefore /1 1  = 

^^ 
Smce 

A(*'0  =  ««A*  + A*-*, 
theietorc  reciprocally, 

/(««  A*+  A**)  =  *^. 
or,  which  la  the  sMiue, 

/.  4  «  A  «  + /.  A  **  =  j^-; 

whence  aijaiin,  aU&o, 

and  hence  by  transposition, 

2     ^•'•"-Ta^       2 

Again,  since  A  Car'*)  =  3jr»A'T 
3  a:  A  i'*  +  A  *^ »  luerciore  recipfv- 
cahy, 

J\  {ix^  A  *  +3  a-  A«*  +  A*'')=''J 
or,  wiuch  is  tkie  same, 

^3a?«A*+/^3xA**+/«A'*= 
x^  i  or,  diviumg  by  3  A'» 

/.ar^+Aar/x-f  A^. /.  I  = 

x^    • 

,  whence  again, 

3  A*  -o      » 

ars  ^         A** 

A^-^'^-'-T- 


/*.  1 ;  or 


witich  is  the  same, 

ar*       £^    1  £A5 

4  A  <a^  2  6    ' 


In  a  similar  manner,  bycoDtinc- 
ing  to  suppose  ^^  x,  ns  cunAaei, 
and  substiiuting  always  tor  Uk 
quantities  contained  under  tlieptf 
iiciilar  sum,  their  res|iective  «•* 
lues,  the  following  results,  toriK 
iniegralb  of  the  succejisive  p«««* 
ot  0.',  in  whicii  we  have  leiiou* 
the  two  preceding  ones. 

/.  A*  = 
/.  Aa/2  = 
/.  Aa-^  = 
/.  A  a*  = 


V 


/.(.+il+af()  = 


Whence,  by  iddltion,  wr  Imv 


SnppDte,  foreuunple,lhstin>tcai: 
uf  the  pmciling  Hrici  bcglimint 

Mill  imvi  hulthgr.ir'vi'+l7'Bnd 
cuiungiicnily  the  liittBrul,  io  tin 


— 5 3t  =  lU  u  leq^R^. 

EiiM.  «.  Required  (he  m  ■( 
be  natural  icnes  oT  cabs,  fi 
I'  f  Ji  +  4*  +.  &c.  |>I. 

Hrn  the  ■enenl  term  ii(<+l^; 
mdlhe  iiit^ral  of  tliia,  (Ulis/. 


/  3  A. 


^+^+^=(^7. 


^  +  S'  +  sa +;,  =  (!  +  , 

+  a  +  4)'  4c.        *c. 

._  DEFINITE  thilwhicki 

wilhnnianv  BwiiKncd  limiuida 

<yt  My  an  IndehuKe  lioe,  Kom 


IKDl^TERMINATB.    i.' «■* 


drgTie.  If  IhnMeoud  power  inlBH, 

lheprobleniborUienivffdd*ir«. 
ir  the  D.ltd  enter,  it  l>  or  Hid  tklril 
dfgrtt,  and  u  on,  of  Uie  hlgbcr 

IiideLcmnliikta  pioblcina  of  the 

"  lllal"^^  S'n'S^lrS."*! J™  uf 
f  tnd  f  in  tbe  equflion  sp  —  09 


fore  p  =  la,  »iiii  9  ±=  7,  wIilcIi  gin; 


«Uon  ar— (»r=±i!,   llMjr    be 

iS  =  ±  r"  '  ^    """''  ""  "" 

n  ll»  Snt  rlue  It  li  obvlnai, 
.t.ln«,3,~6,=±l.»..l,,ll 
vB  acp  —  «5  =  ±  c ;   buL  Ihti 

;^/(«"±  ™T- *t«^±^i = 

l«o   v.Lnei  ofi   nod  V    utlng  +, 
'*[jen  Of — ^  ''"  "■"  ™""=  "»". 

Blt°ir.'Find  the  VAlne.  »(  x  nod 

FSr.t,  In    ll..  *q«Uon(lf-Me 
=  ±  I,  we  h.ve  p=  a,  md  j  =  £ 

which  BiVH   Bp-I»a=+li«,d 
■■iiiheiugthc  WH«.ljin^w,,hH 

i=l3M  +  aei„.jji=eiii+»c,or 

And  by  ai.umlng  Vre  ».=-», 
1,D,  I.a.lus.wehiveibelullDw- 


J,  Jii(*(£5iiHlioiifli+frii=r, 

In    Ihe   forieoliif    piup-ailU.n, 

liUcg  «»>  tM  t»W«  ui  sKiojiiAKW> 
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I^IM 

'mmv'  eli«"l(ri 

u  B  tmction  iiid  rcjtot  it,  bn 

tool 

wtUe;    11    m^. 

-i  Lhc  reiiua  for  which  it  ohv 
Gim.I.  Required  the  TaJ 

iuui. 

belni 

.  .«holht'r;   ladll 
__  rt»  IT"'"'  propoii- 

Lr2|Sf3.i. 

.,.. 

r^'sra 

si,T.""iSjr".':"'. 

,r 

l^^a  D(h  )U  cgnniclion 

with  ft  L.  )  reailily  iKrnnired. 


▼uu  tk...   ..  1  may  bEcom 

nCEItin,  whtlc  cp  —  ml  renuip 
piwiUrawBihallhiva 


..lnedl>..L«pt»Z(flf)° 


I«<i 


rvidcDl : 


•ri//  eifireif  [Jie  duihIih  oX  diffn 


And   thcie  ure  rtadtly  oblained 
ij=cp   — iiii  .nd {*=""'"-*X;^'"' 


anres  in  Ihe  giv.n    number.     Or 
IherwiK.   Ihf    index  ii   ulway. 


inmbSii,  whicli  II  only  lh< 

be  AcknowledgHl  also  fr«qD«ntly 


ol  Rnolid,  Bnd  the  i 
'™NUlJCTION,iiB 


mark^l"?uUncc°^  the  failure 

Ihwe  fnrmulB  wliich  hsTe  taeen 
liven  for  piime  numbers.    Thni 

^ I'mve  "'«n't^  The"  fi'tsi  forty 
term  of  which  are  prime  nrnn- 
btrs,    whrnce    Ode    night    be    in- 

onrte™]  "ilftUi'howeveriii'the 

beine  h  cDmnulle  nuqiber- 
INERTl/E.    See  Vi.  Jnn-He. 
INFINITE,  li  n  teem  upplied  tn 


uslgni^le  qliantlly. 
ibi"el^e«b^w°^.cS^B''"'™ly 


eilled  the  difference  uf  the  pio- 

— Id    qnMlily.    The    ttrina  1b>t 

thai  neileeled  tn  Iniinitely 


INFLECTION,  called  also  dif- 
■tetiea,  and  dehaHaii,  in  (Ifllcs, 
.  a  property  at  lislil,  by  r.'asoi. 


I  of  IHITLMTIOB  o( 


ATICAL  AND    PKTBIOAL   SCIE) 


cquuioDi  of  Ui«  fluilODi  Snd^, 
or  %■,  Bud  take  BEaiii  llie  flDxiou 

«nd  Rlior  orr.  and  by  (qm- 
liiiB  thnc  wo,  lOBrther  wllh  the 

tdflnd'\lie''|^Cul'inB™Sii''in 
..-^l±fL.       Ana 


SCnlB&D  Sltun.hima 

olher  fit""  inteni.lly. 


ID  ^OT(T&D2fl,]iei  wholly 

■Ik kitcBngltaonuuyniplDEeii 

>  LhB  common  or  conicil  hypei^ 

Jk'stANT,  an   Infirilely  uniU 

etne,  wllh  rcBird  to  tlior,  what  ■ 


ir,  is  an  unit,  or  an  aeseioblaEe  of 
INTEGRAL  CuInJui.  ii  the  le. 


INIBGEANT  Parlt  of  d  Eorfj, 
INrEN81Ty!'ihe'iH«frnrsiiEr. 


INTBRBST.U  Ihc  allowi 


»^ly  (tUmalcd  at  nj  much  Tor 


called    Ihe   prlnci^.     The  >ui 

^InVlhe  sun  of  >ny  prh%iiwl°*n 
lit  iniemnOBelbtr,  th.  tinaant. 


Tu  end  ihe  Simple  Intcrc 
any  Sun.  for  nny  Fciiud,  u 

"'Thl  gcneml  mcihi^  of  cal 

Let  r  :=  Lhe  iDUreal  of  £l 

p  —  any  pttiisipal  or  •nm  ]c 


£uiii^.--Lvl  il  he  required 
.£190  for  e)  yei,>3,  II  S  per  i:eJit. 


yttrs:  malliply  tl 


days ;  malUpty  by  dnuhle  the  mM 

layi,  divide  by  t3jmi. 
The   rEssoii  of  theie    rules  will 


ThM  »,^=  Ihe  Intel  »l. 
S,  AlloOi  p>  =  r.,heinier«iL 


lATICAI.  AND  PHYBICAI,   fiCIEHCE. 

1J.  for  nay  ^ren  nnmber  of  yean 


ilcalilion'rmorc  .iKfplc*  for  ^f- 
=  the 'iiilcreil.    TK»t  is,n.iiUiply 


Die  sf  Bsily,Uargftii,SinirI, 

U  P  O  U  N  D   lalereit  l(  Ihat 
L  BtliM  nol  only  from  lliEori- 


and,  BoiKeqaendy,  the  mmaunt  (u) 
nf  »ny_prinoipar  [.)  for  fa)  My. 


'«««:«%  Ih  "  abuve''JIi™nl«, 


Teqdily  cnmiMLed-  ButLbe  aanke 


S  T— 1 

JTT 

U*L 

'h^i' 

^U" 

Bii*r 

0|.tr 

yri. 

I.MOUOO 

iOHJMO 

i^wunoD 

■iS 

!;S 

s 

l^a^UIT 

;!^5a 

iaiBWB 

uaisosi 

.414101 
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IjE^'a 

JDI8DS 

i.iiiaig 

ll 

.Maaid 

^law 

i!sa»saB 

i,at«iBB 

I'i^ 

I 

i^wi 

:mmm 

."SIS?! 

;?«w 

iVffiWSS 
l.SWMB 

iS 

.Bt«g(u 

isjum 

HBOWH 

s 

jtraata 

.Banei 

I.ff^elHs 

LNtHB 

Womt 

LSJiaai 

.aura 

t.l81g7A 

i^ai03.M 

i,«iniT 

UOHTS 

i,iiMaM 

s.oa.isw 

*l 

I.BOaill 
1.WHIM3 

lioiMSI 

l.UlIU 

■ilOOML 

l!7S»M 

slseosM 

l.gifliui 

■.BiaaM 

i.w»ei 

i.mji»7 

= 

i.mtnw 

t.MM« 

S.MHH 

a.wuM 

insioo 

8J8SMB 

l:S!i 

ti,r"1«n''  r.SE"r  '"f"'%^,S"p'?; 

=m^Z''iooS?  SlTw^Tu^Tf'ii'S?. 

bioodhI   by    Ih^'prwcipnl   for    iUe 

'  9301030— a.'KI00O       30103(1 

Amount  bj  lie  Uble  =  S'eTaB3 

P,Lnc11»l                                     so 

''                0.031189                £11311 

H)  yrnrs  nefltlj. 

INTERIOR  J»|rl.  of  >  P.ijin»., 

thf  J«Un."o("n^tf  "thT."dM  o^f 

ttae  IiKiirf. 

INTERPOLATION,  in  Anatfrii, 

euuiK  musi  he  had  lo  Uie  precfd- 

"r"dl!lm«Trum''.h"'fi" t  Wrti'l^ 

'"'■""■;:££:».,,., 

ftct«l'by  ioMBi  of  i™iiim™Tvo 

"'^Senu"""'"''^'"'^" 

iigereTiUal  methad,  though  lUls  lit- 

Thci.,.s"blfore.«=ji-'.  Hence 

emplDvcd  Id  denote  (he  uielbud  of 

Thi.  Iheory  J>  of  very  tslenni™ 

loR. -!"(=.». 

u-=,  not  only  in  F"«"Hy»»  "d- 

HATICAL   AKD    PHYSICAL   SCIlJlCE. 


irt  dilr'fl-*'*"'  *  *'  ^'  *^ 

W  iia'.a—tiJf    t 
3d  ilUf.a-S»4-  »c-     il 
Whrtlff.o— 4liJ-  Be—  *<!  +  * 
Sitdiir.  ■- »  6-f  lOc-Mi  d+ se-/ 
othdiir.B— 8i+iac— MK+isi— 


rd  bjr  Ae  fornmia  '  '»P™W 


Id  thcri. 

1.    Thm,  byway  of  lUiultfc 
,       ?iHI*=HPO,  a'  =  M.Bnd7"  = 

Bdi  iV  thE  dllTcrenci:!  to  not  n- 

'-'■--  any  parUoulmr  laBiirilhm  of 

(Inn,  ibB  ntwve  formula  may  ba 

lucerBsfUlly  emhlDyn)^  fqr  though, 
hi  ltd,  die  dlffrnncBi  of  JoRar< 

lb«   loBnrilhma  of 


I  K  T— I  N  r 


ThLi  docttlDC   b   mpplied  nil 

ia  DM  very  rapul,  ft  wiu  be  ut 
ciinlly  Hcnnu  tnUnd  iJisIr  |4ur 
Vy  cslmluion  for  trtry  iounli  i 
flith  dB)-,  Krid  Uica  by  in«uu  of  tk  _ 


meUiod  Kill  give  a  roufl  mucli 
nearer  Hie  tmlh,  tlian  by  priipor- 

B  uoirornity  bwh  In  moljuii  Brid 

place  fDr  Mvpiciienftriioiir,  mp- 
^^lo'te"  (i^ritw'n.elligS  of 


'lN^jbDOS,tl>e)iileru>l  ■ 
tNT£B5B'  1     '    "' 


itMrlhod  of  Jiuigtnli,inb^ 


"ihui'if   .    .    .    a:i::i::a 

INTEStlGATIOK,  ii° ' kalhama- 
..«,  dtiKiiM  tlie  inclng  cm  ih« 
■olntton  oi  any  pTuposeJ  problem. 


INVOLUTION,  in  Algebra  kihI 
rithnelic,  >9  tlic  ntgt^e  HGlvm 
imher  or  nuiintllj'   lo  luiy  pro- 

-'-=- cnnslni  only  In  mulllplying 


thanntlcal   ulgncei,  alibouih  I 
hu  b«n  IippliedtaaLfaFrpiirpuiei 

in  Atgtbrt.  ura  lhc»e  Ihil  hmve  rii. 

INTKRRECTION,  the  cotiinE  (if 
DUE  line  w  pJuH  bjr  uwtlicr  i  ibe   i 

being  clW  lb", point  or  W  of  q 
iDi«HciioD.    Wbta  ivo  linei  or  a 


UATICAL  AMD 

(a  +  H'  =  a>  +  4fl'  »|+ J^^'J,  J, 
lOIWr  Liea,  In  llie  UiKl'iru  nl 

!ir'bu[li"^rll'ef.'"^s'M  lT^K  JnBKi- 
'"ilCnNAL,  tn  AiBfCDlloii.  h  i 


SUTSICAL  BCIESCE. 


IKUUDUCIBLG  »fjf,  In  'IJ^-  1 


Tlie  mun  *liy  Ounlin'i  rail 


duct  =  ^  £<    Now  vrd  »iip]Hj«  M' 


than  '  by  bypoLbruA,  it  iq  obvl- 

Dtotsiii.-d.    It  may  be  fuHtitr  ro- 
marked,   tint  wiiaa  an  Equation 


Wh«iiceI»t,p  +  B=-r 

a  .■  or  fp  +  ^J  - 


lit  ?'/'"' ''".''*'-     ^ 
I  ucEeu&iily  trenLir  Ilian  J  li  . 

""dl'    "u"''"''"'    '')'."'"'l'l>'     " 

''?',!^^i^ii^!r'tij^ti!,!r'™o^ 


K  cubic  «]i>aila>i  Vu  oiily  ruie  rnl 


ludl  which  li  Ueonlyiuialyllcd 
liuUoa  ihU  kli   jet  beea   di^ 


lATlCAt    *SD 

PBTatCAL    tCIKHCE, 

MnUy  Ibe  only 

Uulohicii  aevt- 

been  deiriteil  for  ihe  wloiion  of 

nl  form ar  lain; 

Ihim  by  D«EBTlei,  Permal,  Sinu, 

HoddF,  iDd  otlieia:  whicb  wen 

i'Suiidct'^d*^ 

■nd  ■enenlln  sT  llic  new  mwIt^ 
>i< :  ifler  vlilih  lim.  the  ele)!^ 

•cd   by  lome  nid 

c  k  Ci^r.  hsTtne 

.,.„,, 

wbo  were  .11  «««»dln  tbeBl* 

^X^ 


wu 'sim'on' L-H*m*ier'c?  Bee  "■! 


iqBKl  perlnietcn,  uf  laluli  < 
eoglhi,   Ac.     Of  lh>    fun 


piiiHieien,  bu t  uf  a  etcaicr  ..r  lesi 


der  equal  inri.icL, 
I»ged  iliB  BitenLlou 


inim  Fieti 


lllE    defieiency   In   Ihli 
Kleiuenmty  CoLirac6»  anc 

cni^lour  witb  Ihe   >Bine 
■ixl,   rccipronlly,  ilie  i 


I/Huil 


■.  Hdi 


1-.,  r.ir  im.    These,  hon-- 


eil.uid  thEdglEmiiiedtiii 


introduced  Ihe  nitycei  iaiu  liicii 

BunpMin,  In  hli  "Trucln,"  hu  i 
ebaplrr  cniitlcd,  "An  liimllp» 
tiDD  of  m.  G(nrri.l  ItnlE  fur  Ihe  ftc 
HluUoB  of  I'DprnmclrlMl  Vtob 
lein>  of  kll  Ordcn."    He  hu  aid 

rlmittricK]  wobletnit  tu  ht>"DMO 

hi>  Ilkewlu  >  GhnpUr  ml  Iheunii 
■  iil|JHit.ln  hfa  "TrntlKof  Flmi 
Emeitaii,  L*  Star,  Bduui,  niid 
lAcro^K :  eoiah  of  vhom  hu  ijilro> 

PeliD.  a.  ir.ct  on  llitl  luy^cl,  en. 
tilied  ■■M'thodui  invcniciirii    L.- 


ISOSCELES  Tritnglt,  u  nM- 

ThE  unglei  ■!  tlie  Ijiue  of  an  i.i.il 
celei  liMOBle  ute  *qin.l.  and  if  Iht. 
Ild«  l>r:  pioduced,  ll.«  uiglei  uh. 
Her  Lhe  faue  eve  lUao  eciual-    If 


jE«?r,"ll'ie"i.*n>e  of  one  of  Ihg 

di«oTE''red  Uj'  M°."h«Zie,  "  111") 
nhierv»lory  of  Lil1rnlh>l,  oeM 
Bremen,  im  Ihe  eeenlng  of  Ihi  lit 
ofileplBiiiber,  1804. 

mil  pliiKci  ii  of  K  nddliU  co- 
in Siimcltr.  iud"v^'  n'enn"  d*t 


jtier  eleoriihin,  otmae tvimtm- 

lo  ihangei  lUnt  ore  going  on  in  119 
.Uno.piiire,  ihi.i.gh  ii  r>  nui  im^ 
prabahle  thit  IhtM  chaii|es  iiiiiy. 

loui    proeeu  ol  eUMlyllilitliE  tUa 

nriie  from  •  fllninHi  roUliun  i.er- 

furmedinSThoari.  Tl«  faliimine 
ire  1U  elemcnu,  11  liltlcilllUd  by. 

efined  "  Cilcului  nfTurlallnni/' 

BoDkhnrilu 

Anniul  lernlotlon     4yr>,IlSdiiy» 

y  lar.  Woodhnu.e,  in  wlileh  »i* 

Dto.  1B»^  rnnn  -  -  1-  J^  11'  Mi 

nniblaed  the  hitioiywd  proiieit 

Piice    DC     ucendlni; 

f  the  Ktenir,  wiih  •ocli  niMerVB. 

node *-Bl°    «■    U* 

MATHEMATICAL  AHD 

•lee<nlrtoiIy  ■    ■     ■  o.MOM 

Diiiu W    4' 

Hem     diitanie    fmin 
(H«  iDii  U    Bagllib 

D"m.ler  "'  EBgli.i. 

Sclinetcr  .     ■"*■   "■  IMS 
AppuVDtmftVi  diune- 

»he  old  i^EU  1  but  Ijie  "^'^''jj^'" 

rend  by  GiULeo. 
THts  |ilu«  »  >lu>  rinmrkikble 

roanded.  Tb«M  differ  mucU  mi 
dlSannt  UmH,  ud  EVen  xl  Ihe 
■una  Unc,  whin  viewed  bj  u1e>- 
cspM  of  iUffcraat  p<iwen>    Tbry 

advutwa  Ihty  setai  u  coiuul  of 
snnaiberorsBived  linni  (nd  arg 

■phin  or  U>e  ulanct. 

Jnnlur  li,  d/mt  Venui,  tbe  moH 
brUllHt  or  all  lh«  |ilint>ui  Kiid 

lloni  ut'  inilei.  Tha  <:EC«iiirl"lt 
of  Ml   orbit   Is  IMai;    hilf  til 

wu  in  /■  ss"  30"°  r'aad  the  loi 


Physical  bCisn^e. 

(-itndcor  bb  pcrlhrllnn  wu,  it  Ihc 


c'rniHd'  the  'eol^luT""  3'  »^» 

tude^'acc^fiil  tn^ihe  i>nl«  nf 
aria'"'i"Beeiii.ir>-. 'Ao  ^u- 


Jii|)iLer,  cuuipiredwtib  ttwlurihe 
>sn  u  unity,  it  jj~j    wi*  iH 

denitly  u>  Il>*tarih«  inn  ii  SHISat 

to  I.  'llie  Light  and  heat  recaiied 

wuanof  the  dl<Un^"/i>  -tsr  at 
tliu  reeelved  Ky  lliu  raitb.  A 
budy  ""Ij'ch -eiah.  iHie^^ponnd  rt 


^ 


of  KiinlmrBli,  1 
Q>^  prflviDuly 


■cured.    TKcn,  >f  1«vm,  lhr™l.. 


Blliptlc  arUa,  ■immed  in  pliuiM 

mi ;  (he  UlUr  body   occnpyliiff 

"y  Tiie  UuirH  df'iho  ^'ei  of 
WBlaUonof  ihe  KTBraLplMiuiT 

-etptcilTC  dJilanou  from  His  igiu 
h  li  inipiHiibLe  Ln  thli  pljtce  la 


thts  •nbjrcl  fully  lllailrawd  in  D[. 
Small'*  "  AecDuni  or  IhE  A-vtrano. 
il>ic^  DiacuTcrlei  o(  Kepler." 
Kbfl  urn's  Fnbltm,  ii  tbe  detuv 

Mionnlv  of  ■  plwel.  or  tlie  del«f 
minini,  1u  pl«oe  lulu  elliptlB  orbit 
■niwerini  Id  liny  fivcn  timet  ud. 


LAMIN/E,  in  Pli^'lc 


19  ftwiuenlly  iiippaiFil  for  111 
uks  of  •Implifying  the  hIiiiId 
in  B  urmtTiHelyuf  |>hy!tc»l  pn 

LARDOARD,  Uic  Icfi-liuiil  ud 


of  mbip  when  a  jkhoti  itniids  oq 
bonrd  wUh  hi)  flee  loo^rdg  Iha 

LATITUDE,  )n  Oe^wroptv  nr  \a- 
vlgatiim,  h  the  diuuice  of  a  pUcs 

A'wIJi  LtTITUDi,   ii  I)?iifwhii'h 


J>arMtUotJ.t-ri 


Ihr  UUlnde  of  uny^Ut 


TliskiitnrledevnriheliiUlude  of 
p1mg«iioritic  BivnUM i m pntunec 


unUUDdr,  Bndukeii  Ui'complo- 
nTUl ;  Ibin  to  tbti  Knllh  di*ii.w* 

ninvy  ""I  pl""  •«  »»  >>><■  "n." 


A  T L  £  I 


•he  retains  from  ber  southern 
limit  towards  her  ascending  node. 
And  the  same  is  to  be  understood 
of  tlie  other  planets. 

Beliocentric  Latitddb,  of  a 
Planet,  is  its  latitude  or  distance 
from  the  ecliptic,  as  it  would  ap> 
pear  from  the  sun. 

OeocentrU  Latitu  db  of  a  Planet, 
is  its  latitttde  as  seen  from  the 
earth. 

The  latitude  of  a  star  is  altered 
only  by  the  aberration  of  light, 
and  the  secular  variation  of  lati- 
tude. 

Difference  of  Latitudb,  is  an 
arc  of  the  meridian  between  the 
parallels  of  latitude  of  two  places. 

To  find  the  difference  of  latitude. 
When  the  two  latitudes  are  of  the 
tame  name,  either  both  north  or 
both  south,  subtract  the  less  lati- 
tude from  the  greater,  to  give  the 
difference  of  latitude ;  but  if  they 
are  of  different  names,  then  their 
sum  will  be  the  difference  of  la- 
titude. 

Middie  Latitudb,  is  the  middle 
point  between  two  latitudes  or 
places,  and  is  found  by  taking  halt' 
the  sum  of  the  two. 

LATUS  Rectum,  in  the  Conic 
Sections,  is  the  same  as  Parameter. 

Latds  IVansversum,  in  the  i/y- 
jierbola,  the  same  as  transverse 
axis. 

Latus  PrimtMHunt,  is  the  diam- 
eter of  the  cone  at  the  vertex  of 
any  conic  section. 

LEA6UK,  a  measure  of  three 
milts;  a  nautical  league  is  equal 
to  a  twentietli  part  of  a  degree  ^ 
other  leagues  vary  in  the  same 
proportion,  as  the  miles  by  which 
they  are  computed. 

LEE.  in  Navigation,  the  quarter 
towards  which  the  wind  blows; 
thus,  if  the  wind  is  east,  that  is 
blowing  towards  the  west,  then  the 
west  is  leeward. 

LEEWAY  of  a  Ship,  is  the  angle 
made  by  the  point  ot  the  compass 
iteered  upon,  and  the  real  line  of 
the  shi|)'5  way  occasioned  by  con- 
trarv  winds,  Sec. 

LEIBNITZIAN  Philosophy,  is  a 
system  formed  and  published  by 
Its  anthor  in  the  last  century, 
im'tly  ill  emendation  of  the  Carte- 
sian, and  partly  in  opposition  to 
the  Newtonian  philosophy*  In  this 
S61 


philosophy  the  Author  retained 
the  Cartesian  subtile  matter,  with 
the  vortices  and  universal  plenum  ; 
and  he  represented  the  universe 
as  a  machine  that  should  proceed 
for  ever,  by  the  laws  of  mecha- 
nism, in  the  most  perfect  state,  by 
an  absolute  inviolable  necessity. 
After  Newton's  philosophy  was 
published  in  1087,  Leibnitz  printed 
an  Essay  on  the  Celestial  Motions 
in  the  Act.  Srud.  1069,  where  he 
admits  the  circulation  of  the  ether 
with  Des  Cartes,  and  of  gravity 
with  Newton  ;  though  he  has  not 
reconciled  these  principles,  nor 
shown  how  gravity  arose  from  the 
impulse  of  tnis  ether,  nor  how  to 
account  for  the  planetary  revolu- 
tions in  their  respective  orbits. 
His  system  is  also  defective,  as  it 
does  not  reconcile  the  circulation 
of  the  ether  with  the  free  motions 
of  the  comets  in  all  directions,  or 
with  the  obliquity  of  tlie  planes  of 
the  planetary  orbits,  nor  does  he 
resolve  olhef  objections  to  which 
the  hypothesis  of  the  vortices  and 
plenum  is  liable. 

Soon  after  the  period  just  men- 
tioned, the  dispute  commenced 
concerning  the  invention  of  the 
method  of  fluxions,  which  led  Mr. 
Leibnitz  to  take  a  very  decided 
part  in  opposition  to  the  philosophy 
of  Newton.  From  the  goodness 
and  wisdom  of  the  Deity,  and  his 
principle  uf  a  sufficient  reason,  he 
concluded,  that  tiie  universe  was 
a  perfect  work,  or  the  best  that 
could  possibly  have  been  made  ; 
and  that  other  things,  which  are 
evil  or  incommodious,  were  per- 
mitted as  necessary  consequences 
of  what  was  best :  that  the  mate- 
rial system,  considered  as  a  per- 
fect machine,  can  never  fall  into 
disorder  or  require  to  be  set  right ; 
and  to  suppose  that  God  iiiterposes 
in  it,  is  to  lessen  the  skill  of  the 
author,  and  the  perfection  of  his 
work.  He  expressly  charges  an 
impious  tendency  on  the  philoso- 
phy of  Newton,  because  he  asserts 
that  the  fabric  of  the  universe  and 
course  of  nature  could  not  conti- 
nue for  ever  in  its  present  state, 
but  in  piocess  of  time  would  re- 
quire to  be  re-established  or  re- 
newed by  the  hand  of  its  first 
framer.  1  he  perfection  of  the  nni* 
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bbrizontal  wire  of  the  (eletcope  of 
the  level. 

LEVER,  a  straight  bar  of  iron, 
VfooiXf  &c.  supposed  to  be  inflexi- 
ble, supported  on  a  -fulcruin  or 
prop,  about  which  all  the  parts  are 
moveable.  It  is  generally  consi, 
dered  as  the  first  of  the  mechani- 
cal powers,  being  the  simplest  of 
them  all.  Its  principal  use  is  in 
raising  great  weights  to  small 
heights,  or  in  moving  heavy  blocks 
of  stone,  &c.  to  short  distances. 

The  power  and  weight  are  sup- 
posed to  act  at  right  angles  to  the 
fever  when  liorizunial,  and  to  turn 
it  in  opposite  directions. 
'  When  two  weights  balance  each 
other  u(Mjn  a  straight  lever,  the 
pressure  upon  the  fulcrum  is 
said  to  be  equal  to  the  sum  of  the 
weights  (including  that  of  the 
lever.)  If  there  be  more  than  one 
fulcrum,  the  pressure  upon  all  the 
fulcrums  is  equal  to  the  Weight. 
Equal  forces  acting  perpendicu- 
larly upon  the  equal  arms  of  a 
straight  lever,  exert  an  equal  ef- 
fect. 

If  two  equal  weights  act  together 
vpon  a  straight  lever,  the  eflort  to 
put  it  in  motion,  round  any  ful- 
crum, will  be  the  same  as  if  they 
acted  together  at  the  middle  point 
between  them. 

Let  A  and  B  be  two  equal 
weights,  acting  perpendicularly 
upon  the  lever  P  B,  whose  tulcrum 
is  F  {Fig.  I.  plate  Lkver.)  Bisect 
AB  in  C,  niuke  G  E  =  C  F,  and  at 
E  suppose  anotlier  fulcrum  lu  be 
placed.  Then,8ince  the  two  weightH 
A  and  B  are  supported  by  E  and  F, 
and  these  fulcrums  uie  similarly 
situated  wiili  respect  to  the  weights, 
each  sustains  an  equal  pressure ; 
and,  therefore,  the  weighi  sustain- 
ed  by  E  is  equal  to  half  the  sum 
of  the  weights.  Now  let  the  weights 
A  and  B  be  placed  at  C,  the  mid- 
die  point  between  A  and  B,  and 
consequently  the  middle  point  be- 
tween £  and  F;  then,  since  E  and 
F  support  the  whole  weiuht  C,  and 
are  lUJiiiiariy  situated  with  respect 
to  it,  the  fulcrum  E  supjiorts  iialf 
the  weight;  that  is,  the  pressure 
upon  £  is  the  same,  whetiier  the 
Weights  are  placed  at  A  and  B,  or 
collected  in  C,  the  middle  point 
between  them  ;  and,  therefore,  the 
e/fort  to  put  ifje  iever  in  motion 
S0r 


roand  F,  is  the  same  on  either  sup> 
position. 

If  a  weight  be  formed  into  a 
cylinder  A  B  {Fig.  2.)  which  is 
every  where  of  tne  same  density, 
and  placed  parallel  to  the  liorixoii,- 
the  elfort  of  any  part  A  D,  to  put 
the  whole  in  motion  round  C,  is 
the  same  as  if  this  part  were  col-, 
lected  at  E,  the  mid.lle  point  of 
AD.  For  the  weight  AD  may  be 
supposed  to  consist  of  pairs  of  equal 
'weights,  equally  distant  from  the 
middle  p<unt.  What  is  here  affirm 
ed  of  weights,  is  true  of  any  forces 
which  are  proportionxl  to  the 
weights,  and  act  in  the  same  direc 
tions. 

Two  weights,  or  two  forcen,  act- 
ine  perpendicularly  upon  a  straight 
lever,  will  balance  each  other, 
when  they  are  recipn>cully  pro- 
portional  to  their  distances  from 
the  fulcrum. 

I.  When  the  weights  act  on  cnn- 

trary  sides  of  the  fulcrum.     Let 

X  and  y  be  the  two  weights,  and 

let  them  be  formed  into   ihe  cy. 

Under  A  B,  {Fig.  3.)  which  is  every 

where  of  the  same  density.    Bisect 

AB  in  C,  then  this  cylinder  wilk 

balance  itself  up<m  the  fulcrum  C. 

Divide  AB  into  two  parts  in  D,  so 

that  A  D  :  D  B  =s  x  :  y  /   and  the 

weigliU  of  A  D  and  DB  will  he  iCt. 

spectively  x  and  y ;  bisect  A  D.  in 

E  and  D  B  in  F ;  then,  since  A  U 

and  D  B  keep  the   lever  at  rest* 

they  will  keep  it  at  rest  when  they 

are  collected  at  E  and  F;  that  is* 

X,  when  placed  at  E,  will  balance 

y,  when  placed  at  F;  and  x  :  y  =s 

*«    »i^     AD    BD     AB-BD. 
AD-.BD—^:— =— 5 : 

^°""^P  =  CB  — BF:AC  — AB 
a 

srrCFrCE. 

S.  Wlien  the  two  forces  act  on 
the  same  side  of  the  centre  of  m<>- 
tinu.  Let  A  B,  (fig.  4.)  be  a  lever 
whose  fulcrum  is  G,  A  and  B  two 
weigliis  aeiing  perpendicularly  / 
upon  it^  aud  let  A  :  B  =  B  C  :  A  C,- 
then  these  weights  will  balance 
each  other,  us  appears  by  the 
former  case.  Now  sup>M>se  a  power 
sufhcieni  to  sustain  a  wei^jht  e<|ual 
to  the  kum  of  the  weights  A  and  B, 
to  be  applied  at  G»  in  a  direction  uy- 
mvttie  \»  \\&aX'\n  hiWvcV  ^>^«-  n»«vs^^ 
acl-,  Vheu  vivVV  V\\\fc  v^>Ntx  va,>g>^>j 
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the  place  of  the  ftilcrnin }  and  the 
centre  of  motion  may  be  conceived 
to  be  at  A  or  B.  Let  B  be  the 
centre  of  motion ;  tlien  we  have  a 
straight  lever  whose  centre  of  mo- 
tion is  B,  and  the  two  forces  A  and 
A+  B,  acting  perpendicularly  upon 
it  at  the  points  A  and  G,  sustain 
each  other :  also,  A :  B  =■  B  C :  A  G ; 
therefore  A:A+B  =  BG:BA. 
Hence, 

1.  If  two  weights,  or  two  forces, 
acting  perpendicularly  on  the  arms' 
of  a  straight  lever,  keep  each  oiher 
in  equilibrio,  they  are  inversely  as 
their  distances  from  the  centre  of 
motion.  For  the  weights  will  ba- 
lance when  they  are  in  that  pro- 
portion, and  if  the  proportion  be 
altered  by  increasing  or  diminish- 
ing one  oi  the  weiahts,  its  effort  to 
torn  the  lever  round  will  be  alter- 
ed, or  the  equilibrinm  will  be  de^ 
atroyed. 

f .  Since  A  :  B  s:  B  C  :  A  C  when 

there  is  an  equilibrium  upon  the 

.  lever  A  B,  whose  fulcrum  ts  G,  by 

multiplying  extremes  and  means, 

AXAC  =  BXBC. 

3.  When  the  power  and  weight 
act  on  the  same  side  of  the  fulcrum, 
and  keep  each  other  in  equilibrio, 
the  weight  sustained  by  the  ful- 
cram  is  eqaal  to  the  dilierence  be- 
tween the  power  and  the  weight. 

4.  In  the  common  balance,  the 
arms  of  the  lever  are  equal ;  con- 
sequently, the  power  and  weight, 
or  two  weights,  which  sustain  each 
other,  are  equal.  In  the  false  ba- 
lance, one  arm  is  longer  than  the 
other  ;  therefore  the  weight,  which 
is  suspended  at  this  arm,  is  pro- 

.portionally  less  than   the  weight 
which  it  sustains  at  the  other. 

5.  If  the  same  body  be  weighed 
at  the  two  ends  ot  a  false  ba- 
lance, its  true  weight  is  a  mean 
proportional  between  the  apparent 
weights.  Gall  the  true  weight  x, 
and  the  apparent  weights,  when  it 
is  suspended  at  A  and  B,  a  and  b 
respectively ;  then  a :  a:  =  A  C :  B  C, 
and  X  :  fr  =  A  C  :  B  C ;    therefore 

f.  If  a'  weight  C,   ffig.  18.)  be 
placed  upon  «  lever  which>  is  sup- 
ported upon  two  props  A  and  B  in 
un  horizontal  position,  the  pressure 
apon  A  :  the  pressure  upon  B  = 


to  be  the  fuleram,  we  have  this 
proportion,  the  weight  sustained 
by  A  :  the  weight  C  =  B  G  :  A  B  ; 
in  the  same  manner,  if  A  be  con* 
sidered  as  tlie  fulcrum,  then  th« 
weight  G  :  the  weight  sustained  by 
B  =  A  B  :  G  A  i  therefore,  ex  aquo, 
the  weight  sMteined  by  A  :  the 
weight  sustaiufld  by  B  =  B  G  :  A  C. 

7.  If  a  given  weight  P,  (fig.  ff.l 
be  moved  along  the  graduated 
arm  of  a  straight  lever,  the  weight 
W,  which  it  will  balance  at  A,  is 
proportional  to  CD,  the  distance 
at  which  the  given  weight  acts. 
When  there  is  an  equilibrium. 
WxAG  =  PxDG;  and  AC 
and  P  are  invariable ;  therefore 
WaDC. 

If  two  forces,  acting  npon  the 
arms  of  any  lever,  keep  it  at  rest, 
they  are  to  each  other  inversely 
as  the  perpendiculars  drawn  from 
the  centre  of  motion  to  the  direc- 
tions in  which  the  forces  act. 

.1.  Let  two  forces,  A  and  B,  (fig.  6L) 
act  perpendicularly  upon  the  arms 
G  A,  G  B,  of  the  lever  A  G  B  whose 
fulcrum  is  G,  and  keep  each  other 
at  rest.  Produce  B  G  to  D,  and 
make  G  D  =  G  A ;  then  the  effort 
of  A  to  move  the  lever  round  C, 
will  be  the  same,  whether  it  be 
supposed  to  act  perpendicularly 
at  the  extremity  of  the  arm  G  A* 
or  G  D ;  and  on  the  latter  supposi- 
tion, since  there  is  an  equilibrium, 
A  :  B  =  G  B  :  G  D ;  therefore  A  :  B 
=  G  B  :  G  A. 

2.  When  the  directions  AD,  B  H, 
(fig.  7.)  in  which  the  forces  act, 
are  not  perpendicular,  to  the  arms, 
take  A  D  and  B  H,  to  represent 
forces ;  draw  C  M  and  C  N  at  right 
angles  to  those  directions;  also 
draw  A  F  perpendicular,  and  D  F 
parallel  to  AC,  and  complete  the 
parallelogram  GF;  then  the  force 
A  D  is  equivalent  to  the  two  A  F, 
A  6,  of  which  A  6  acts  in  the  direc- 
tion of  the  arm,  and  therefore  can 
have  no  effect  in  causing,  or  pre- 
venting any  angular  motion  in  the 
lever  about  C.  Let  B  H  be  rcsolv. 
ed,  in  the  same  manner,  into  the 
two  B  I,  B  K,  of  which  B I  is  per- 
pendicular to,  and  B  K  in  the  direc- 
tion of  the  arm  C  B ;  then  B  K  will 
have  no  effect  in  causing,  or  pre. 
venting  any  angular  motion  in  the 
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h  kept  at  rest,  A  F  and  B  I,  which 
prod  ace  this  effect,  and  act  per- 
pendicularly upon  the  arms,  are 
to  each  oiher,  by  the  first  case, 
inversely  as  the  arms;  that  is,  AF 
:B1  =  CB  :CA,  orAFxCA  = 
BlX  GB.  Also,  in  the  similar 
triangles  ADF,  ACM,  AF:AD 
c=  C  M  :  C  A,  and  AFxCA=AD 
X  C  M  ;  in  the  Same  manner,  B  1 
X  CB  =  BHXCN;  therelore  A  D 
X  CM=liHxCN,  and  AD:BH 
s=GN:GM.     Hence, 

1.  Let  a  body  IK,  (fig. .8.)  he 
moveable  about  the  centre  C,  and 
two  forces  act  upon  it  at  A  and  B, 
in  the  directions  A  D,  B  H,  which 
coincide  with  the  plane  A  C  B ;  join 
A  C,  C  B  ;  then  this  body  may  be 
considered  as  a  lever  ACB,  and 
drawing  th«  perpendiculars  G  M, 
G  N,  there  will  be  an  equilibrium, 
vhen  the!  force  acting  at  A  :  the 
force  acting  at  B  =  C  N  :  G  M. 

2.  The  effort  of  the   force  A,  to 
turn  the  lever  round,  is  the  same,' 
at  whatever  point  in  the  direciioii 
M  D  it  is  applied  ;  because  the  per- 
pendicular G  M  remains  the  same. 

3.  Since    C  A  :  G  M   rad.  :  sin. 

^  *  »»    r,^t      C  A  X  sin.  CAM. 
CAM,  GM  = — j^ , 

and,  in  the  same  manner,  G  N  = 

C  B  X  sin.  C  B  N      ^ 

>■■    I".       :  therefore, when 

rad.  ♦ 

there  is  an  equilibrium,  the  power 

at  A  :  the  weight  at  B  = 

€B  X  sin.  CBN  .  GAxsin.GAM 


rad.  rad. 

=  C.  B  X  sin.  G  B  N  :  C  A  X  sin. 
CAM. 

4.  If  the  lever  ABC  (fig.  9.)  he 
ftraight,  and  the  directions  A  D, 
B  H,  parallel,  A  :  B  =  B  G  :  A  C  ; 
becanse,  in  this  case,  sin.  G  A  M  = 
•in.  C  B  H. 

Hence,  also,  AxAG  =  BxBC. 

5.  If  two  weiglits  balance  each 
other  upon  a  straight  lever  in  any 
one  position)  they  will  balance  eacu 
other  in  any  other  position  of  the 
lever;  for  the  weights  act  in  pa- 
rallel directions,  and  the  arms  of 
the  lever  are  invariable. 

6.  If  a  man  balanced  in  a  com- 
mon pair  of  scales,  press  upwards 
by  means  of  a  rod,  against  any 
p<iint  in  the  beam,  exce))t  that 
from  wnich  the  scale  is  suspended, 
he   will    preponderate.      Let    ihej 
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action  upwards  take  place  at  D^ 
(fig.  10.)  then  the  scale,  by  the  re- 
action downwards,  will  be  brot^ht 
into  the  situation  E ;  and  the  eflect 
will  be  the  same  as  if  DA,  A  E, 
D  B  comtitnted  one  mass ;  that  is, 
drawing  EF  |;erpendicu!ar  to  C  A 
produced,  as, if  the  scale  were  ap- 
plied AtF;  consequently  the  weight, 
necessary  to  maintain  the  equili- 
brium, is  greater  than  if  the  scale 
were  suffered  to  hang  free  I  j'  from 
A,"in  the  proportion  of  G  F  :  C  A. 

7.  Let  \  D  (fig.  11.)  represent  a 
wheel,  bearing  a  weight  at  its 
centre  G ;  A  B  an  obstacle  over 
which  it  is  to  be  moved  by  a  force 
acting  in  the  direction  C  E  ;  join 
C  A,  diaw  CD  perpendicular  to 
the  horizon,  and  from  A  draw  A  6, 
AF,  at  right  angles  to  C  £,  CD. 
Then  G  A  may  be  considered  as  a 
lever  whose  centre  of  motion  is  A, 
G  D  the  direction  in  which  the 
weight  acts,  and  G  E  the  direction 
in  which  the  power  is  applied  ;  and 
there  is  an  equilibrium  on  this  lever 
when  the  power  :  the  weight  = 
AF  :  A  6.  Supposing  the  wheel, 
the  weight,  and  the  obstacle  given, 
the  power  is  the  least  when  AG 
is  the  greatest ;  thsit  is,  when  C  E 
is  perpendicular  to  C  A,  or  parallel 
to  the  tangent  at  A. 

8.  Let  two  forces  nctincr  in  the 
directionit  AD,  B  H,  (ti(r.  12  )  upon 
the  arms  of  the  lever  A  G  B,  keep 
each  other  in  eqnilihrio  ;  produce 
D  A  Hnd  H  B  tiil  they  meet  in  P ; 
join  G  P,  and  draw  CL  parallel  t(» 
P  B  ;  then  will  P  L,  L  C  represent 
the  two  forcfs,  and  P  G  the  pres- 
sure upon  the  fulcrum. 

For,  if  P  C  be  made  the  radius, 
CM  and  C  N  are  the  sines  of  the 
angles  G  P  M,  G  P  N,  or  C  P  L, 
PCL;  and  PL:  LG  =  sin.  PGL: 
sin.  L  P  G  =  C  N  :  C  M  ;  therefcue 
P  L,  LC,  represent  the  quantities 
and  directions  of  the  two  forces, 
which  may  be  supposed  to  be  ap- 
plied at  P,  and  which  are  fng- 
lained  by  the  re-action  of  the 
fulcrum;  consequently,  CP  re- 
ptcti^nts  the  qoantity  and  direc- 
tion of  that  re-actionj^or  PC  repre- 
sents the  pressure  upon  the  ful- 
crum. 

9.  In  a  combination  of  straight 
levers,  A  B,  CD,  (Hrs.  13,  i4 ) 
whose  centres  of  moiiun  are  E  and 
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Tt  if  they  act  pefpendicolftrW  apon 
each  oihcr,  and  the  dtrectioa*  in 
%rhich  the  power  and  weight  are 
applied  be  also  perpendicular  to 
the  arms,  there  is  an  eqnilibriQin 
wlien  P:  W=EBX  PD:  EAX 
F  C.  For  the  power  at  A  :  lh< 
weight  at  B,  or  C  =  E  B  :  E  A ; 
aiMi  the  weight  at  C :  the  weight 
at  D  =  F  D  :  P  C ;  therefore,  P 
:WaiEBxPD:EAxFC. 

By  the'  same  metliod  we  may 
find  the  uroportion  between  the 
power  and  the  weight,  when  there 
is  an  eqailibriam,  in  any  other 
combination  of  levers. 

LEVITY,  in  Philosophy,  the  op. 
posiie  to  gravity,  or  that  supposed 
quality  of  certain  bodies   which 

? lives  them  a  power  of  ascent,  be- 
ng  titus  oppcwed  to  gravity,  by 
which  they  have  always  a  ten- 
dencv  to  descend. 

LBVDBN  Phial,  in  EUctrleity, 
is  a  ^lass  phial  or  jar,  coated  both 
%vithin  and  witl&out  with  tin-foil, 
or  some  other  conducting  sub- 
stance, which  may  be  charged  and 
employed  in  a  variety  of  useful  and 
entertaining  experiments. 

LIBRA,  the  Balance,  one  of  the 
BodiacHl  constellations, denoted  by 
the  character  dSS. 

Libra  also  denotes  ^e  ancient 
Roman  pound,  which  was  equal  to 
about  5040  of  our  Troy  grains. 

LIBRATION  of  the  Moon,  an  ap- 
parent irregular  motion  of  that 
body  about  her  own  axis,  wherebv 
we  see  a  little  more  than  one-half 
of  the  lunar  disc;  or  rather,  it  is 
in  consequence  of  our  seeing  more 
than  one-half  of  it,  that  the  moon 
appears  to  have  such  a  motion; 
for  although  the  term  libration, 
agrees  perfectly  well  with  the  ap- 
pearances observed,  still  it  must 
not  be  understood  in  a  positive 
sense,  the  appearance  itself  aris- 
ing from  a  totally  different  cause 
from  that  which  the  word  seems 
to  indicate.  In  order  to  illustrate 
this,  let  us  conceive  a  visual  ray 
drawn  from  the  centre  of  the  earth 
to  the  centre  of  the  moon :  the  plane 
drawn  through  the  latter  centre 
perpendicularly  to  this  ray,  will 
cut  the  lunar  globe  according  to 
the  circumference  of  a  circle 
which  is,  witli  respect  to  us,  the 
Mpparent  disc,  Jf  the  moou  luMi.no 


real  rotatory  mntion,  its  nioti<m  of 
revolntton  tolely  would  discover 
to  us  all  the  points  of  its  sorfaqe  in 
succession :  the  Visual  ray  would 
therefore  meet  (hat  sarface  suc- 
cessively in  different  points,  which 
to  us   would  appear  to  pass,  the 
one  after  the  other,  to  the  am>a- 
rent  centre  of  the  lunar  disc.   The 
real  rotatory  motion  counteracts 
the  effects  of  this  apparent  rotation, 
and  brings  back  constantly  towards 
us  the  same  face  of  the  lunar  ^lobe. 
Suppose,  now,  that  the  rotation  of 
the  moon  i^  sensibly  uniform ;  that 
is  to  say,  that  it  does  not  partake 
of  any  periodical  inequalities  (this 
supposition  is  at  least  the  most  na- 
tural  which  we  can  make,   and  it 
is  conformable  to  observations)  ; 
then  one  of  the  causes  whicii  pro- 
duce the   libration   will    become 
evident;  for  the  motion  of  revo- 
lution partaking  of  the  periodical 
inequalities,  is  sometimes  slower, 
sometimes  more  rapid :  the  ap)iiu 
rent  rotation  which  it  occasiont 
cannot,  therefore,  always  exactlj 
counterbalance  the  actual  rotation^ 
which  remains  constantly  the  same; 
and  these  two  effects  will  surpass 
each  other  by  turns.    The  points  of 
the  lunar  globe  ought,  therefore^ 
to  appear  turning  sometimes  in  one 
direction,  sometimes   in  another, 
about  its  centre  ;  and  the  resulting 
appearance  is  the  same  as  if  the 
moon   had   a  little  vibratory  bi^ 
lancing  from  one  side  to  the  other 
of  the  radius  vector  drawn  fron^ 
its  centre  to  the  earth.    It  is  thi« 
which  is  named  the   libration  in 
longitude. 

Libration  of  the  Earth,  is  n 
term  applied  by  some  astronomers 
to  that  motion,  whereby  the  eart^ 
is  so  retained  within  its  orbit,  a« 
that  its  axis  continues  constantly 
parallel  to  the  axis  of  the  world. 

LIFE  Annuities,  periodical  pay^. 
ments  which  depend  on  the  009* 
tin  nance  of  some  particular  life  qr 
lives;  and  they  may  be  distin- 
guished into  lives,  to  commence 
immediately;  and  annaities,  to 
commence  at  some  future  period, 
called  reversionary  annuities. 

The  first  writer  who  attempted 
the  developement  of  »  rational 
theoiy  of  life  annuities  was  Van 
Hudckn^  which  was  farther  ««- 
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tended  by  De  Witt,  the  celebrated 
Dutch  pensionary.    In   Itttt*  Dr. 
Halley  eave  in  the  Phil.  Ttans. 
"  An  BsUmate  of  the  Degrees  of 
Mortality  of  Mankind,  drawn  from 
carious  tables  of  the  births  and  fa. 
nerals  at  the  city  of  Breslaw." 
De   MoiTre  took  op  the    subject 
where  it  was  left  bv  Halley,  and, 
In  I7S4,  published  his  **  Annuities 
«in  Lives/'  founded  on  the  prin- 
ciple of  an  equal    decrement  of 
lite.    In  1742,  T.  Simpson  publish- 
Jtd  his  tract  *'  On  the  DocCrinesof 
Annuities     and    Reversions;"    in 
Hrhich  the  tables  were  computed 
from  the  absolute  observations  on 
ihe  bills  of  mortality.  The  science 
remained   in   this    state,   without 
much  improvement,  till  the  publi- 
cation of  Dr.  Price's  treatise,  in 
1700,  entitled   **  Observations   on 
Reversionary  Payments,"  &c.  Dr. 
Price  saw  the  necessity  of  more 
accurate  observations  on  the  mor> 
tality  of  human  life  ;  in  order  to 
determine  with  more  correctness 
the  value  of  annuities,  and  to  show 
more  forcibly  the  futility  and  ex 
travagance  of  the  schemes  tliat 
«rere  issued    by   those   societies. 
And  his  fourth  edition  appeared 

C783)  enriched  with  several  va. 
table  tables  of  annuities  on  single 
jUid  joint  lives,  at  different  rates  of 
ji^erest,  deduced  not  only  from 
rkhe  probabilities  of  living  as  ob> 
4Mrved  «t  Northampton,  but  also 
irom  the  probabilities  of  living,  as 
^observed  in  the  kingdom  of  Swe- 
den at  large. 

The  value  or  present  worth  of  an 
jtnnuity  for  any  proposed  life  or 
Jives,  It  is  evident,  depends  on  two 
circumstances ;  the  interest  of  mo- 
l>ey,  and  the  chance  or  expecta* 
Jdon  of  the  continuance  ot  life. 
ItJpon  the  former  only  depends  the 
▼alue  or  present  worth  of  an  an- 
Xkuity  certain,  or  that  which  is  not 
•abject  to  the  continuance  of  a  life 
or  other  contingency  ;  but  the  ex- 
pectation of  life  being  a  thing  not 
certain,  but  only  possessing  a  cer- 
tain ehanee,  it  is  evident  that  the 
value  of  the  certain  annuity,  as 
•tated  above,  must  be  diminished 
In  proportion  as  the  expectancy  is 
below  certainty :  thus,  if  the  pre* 
•eat  value  of  anannuity  certain  be 
any  snm,  as  suppose  £1Q0,  ^nd  the 
VI 


value  and  espeetaney  offthe  life 
be  one-half,  then  the  value  of  the 
life  annuity  Will  be  only  half  of  the 
former,  or  £50 ;  and  if  the  value 
of  the  life  be  only  one-third,  the 
value  of  the  life  annuity  will  be 
but  one-third  of  £1M;    that   is, 
£3S  Of.  8d. ;  and  so  on.    The  mea- 
sure of  the  value  or  expectancy  of 
life,  depends  on  the  proportion  of 
the  number  of  persons  that  die, 
ont  of  a  given  number,  in  the  time 
proposed,  thus,  if  fifty  persons  die 
oat  of  one  hundred,  in  any  pro- 
posed time,  then,  half  the  number 
only  remaining  alive,  any  one  per- 
scm  has  an  equal  chance  to  live  or 
die   in  that  time,  or  the  value  of 
his  life  for  that  time  is   oneshalf; 
but  if  two-thirds  of  the  numbei  die 
in  the  time  proposed,  or  only  one- 
third  remain  alive,  then  the  value 
of  any   life   is  one-third ;   and  if 
three-quarters  of  the  number  die, 
or  only  one-quarter  remain  alive, 
then  tne  value  of  any  life  is  but 
one-quarter;  and  so  on.    In  these 
proportions,  then,  mast  the  value 
of  tne  annuity  certain  be  diminish- 
ed, to  give  the  value  of  the  like  life 
annuity.      It  is  plain,  therefore, 
that  in  this  business  it  is  necessary 
to  know  the  value  of  life  at  all  the 
different  ages,  from  some  table  of 
observations  on   the  mortality  of 
mankind,  which   may  show  the 
proportion  of  the  persons  living, 
ont  of  a  given  number,  at  the  end 
of  any  proposed  time;   or   from 
some   certain  hypothesis,    or  as- 
sumed   principle.      Now   various 
tables  and  hypotheses  of  this  sort 
were  given  by  the  writers  on  this 
subject:  but  the  same    table  of 
probabilities  of  life  will  not  suit 
all  places ;  for  long  experience  has 
shown    that    all   places  are  not 
equally  healthy,  or  that  the  pro- 
portion of  the  number  of  persons 
that  die  annually  is  different  for 
different    places.       It   may   not, 
therefore,   be   improper  to  insert 
here  a  comparative  view  of  two 
of    the     principal     tables      that 
have    been   given   of   this    kind, 
where  the  first  column  shows  the 
age,  and  the  other  columns  the 
number  of  persons  living  at  that 
age,  out  of  1003  bom,  or  of  the 
age  0,  iu  the  first  line  of  each 
column. 
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55 
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60 
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14-8 
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25 
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70 
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80 
35 

21  0 
21-6 

186 
18:4 

102 
16*1 

75 

15*6 

13-7 

122 
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The  met  of  these  tablet  mmy  be 
exemplified  in  the  following  prob* 
leins  : 

1.  To  find  the  probability  or  pro- 
portion of  chance,  thai  a  person  of 
a  given  age  continues  in  being  a 
proposed  number  of  years. 

Thus,  suppose  the  age  be  40,  and 
the  number  of  years -proposed  15; 
then,  .to  calculate  by  the  table  of 
probabilities  for  London,  in  table 
I,  against  40  j'ears  stands  214 ;  and 
against  55  years,  the  age  to  wiiich 
the  person  must  arrive,  stands  120 ; 
which  shows  that,  of  214  persons 
who  attain  to  the  age  of  40,  only 
120  of  them  reach  the  age  of  55, 
and  connequently  04  die  between 
the  ages  of  40  and  55.   It  is  evident 
therefore  that  the  odds  for  attain- 
ing the  proposed  age  of  55,  are  as 
120  to  94,  or  as  9  to  7  nearly. 

2.  To  find  the  value  of  an  annu- 
ity for  a  proposed  life. 

This  problem  is  resolved  from 
table  2,  by  looking  against  the 
given  age,  and  under  the  proposed 
rate  of  interest ;  then  the  corres- 

Kttding  quantity  shows  the  nnm- 
r  of  years"  purchase  required. 
For  Example,  if  the  given  age  be 
36,  the  rate  of  interest  4  ^r  cent, 
and  the  proposed  annuity  250/. 
Then  in  the  table  it  appears  that 
the  value  is  12*1  years  purchase, 
or  12*1  times  2502. ;  that  is,  3025'H. 
After  the  same  manner,  the  an- 
swer will  be  found  in  any  other 
case  failing  within  the  limits  of  the 

,  table.  But  as  there  may  sometimes 
be  occasion  to  know  the  values  of 
lives  computed  at  higher  rates  of 
interest  than  those  in  the  table, 
the  two  following  practical  rules 
are  subjoined  ;  by  which  the  prob- 
lem  is  resolved  independent  of 
tables. 

1.  When  the  given  age  is  not 
less  than  45  years,  nor  greater  than 
85,  subtract  it  from  92  ;  tlien  mul- 
tiply the  remainder  by  the  per- 
petuity, and  divide  the  product 
by  the  said  remainder  added  to  2^ 
times  the  perpetuity  ;  so  shall  the 
quotient  be  the  number  of  years' 
purchase  required.  Where  note, 
that  by  the  perpetuity  is  meant 
the  number  of  years  purchase  of 
the  fee-^niple  ;  found  by  dividing 
MOO  by  the  rate  per  cent,  at  which 

Jnieren  is  reclconed.  Thus,  IcVUxc 
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given  age  be  50  years,  and  the  nia 
of  interest  10  per  cent.  Then  sul^ 
trading  50  from  02,^  there  remains 
42;  which  multiplied  by  10,'  the 
perpetuity  gives  420  ;  and  tbis  di> 
vided  by  67,  the  remainder  in- 
creased by  2^  times  10  the  perpe- 
tuity, gives  0*3  nearly,  for  Uie 
member  of  years  purchase.  Ther^ 
fore,  supposing  the  annuity  to  be 
100/.,  its  value  in  present  money 
will  be  030/. 

2.  When  the  age  is  between  10 
and  45  years,  take  eight-tenths  of. 
what  it  wants  of  45,  which  divide 
by  the  rate  per  cent,  increased  by 
1*2;  then  if  the  quotient  be  added 
to  the  value  of  Ajife  of  45  years, 
found  by  the  preceding  rule,  there 
will  be  obtamed   the  number  of 
j'ears  purchase  in  this  case.    For 
example,  let  the  proposed  age  be 
20  years,  and  the  rate  of  interest 
5  per  cent    Here  taking  So  from 
45,  there  remains  25  ;  ei^ht-tenths 
of  which  is  20 ;  which  divided  by. 
6*2,  quotes  3*2 ;  and  this  added  to 
0*8,  the  value  of  a  life  of  45,  foond 
by  the  former  rule,  gives  13  for 
the  number  of  years  purchase  that 
a  life  of  20  onght  to  be  valued  at. 
3.  To  find  the  value  of  an  anno, 
ity  for  the  longest  of  two-  lives ; 
that  is,    for  as  long  as  either  of 
them  continue  in  being. 

In  table  4,  find  the  age  of  the 
youngest  life,  or  the  nearest  to  it, 
m  col.  1,  and  the  age  of  the  elder 
in  col.  2 :  then  against  this  last  it 
the  answer  in  the  proper  column 
of  interest.  < 

Exam.  So,  if  the  two  ages  be  15 
and  40,  then  the  value  of  the  an- 
nuity upon  the  longest  of  two  such 
lives, 
is  21*1  years  purchase,  at  3  per  ct. 

or  17*0 at  4...... 

or  15*7 ; at  5 

Note.  In  the  last  two  problems^ 
if  the  younger  age,  or  the  rate  of 
interest,  be  not  exactly  found  in 
the  tables,  the  nearest  to  them  may 
be  taken  ;  and  then,  by  proportion, 
the  value  for  the  true  numbers 
will  be  nearly  found. 

LIGHT,  that  which  renders  ob- 
jects perceptible  to  our  sense  of 
seeing.  This  is,  perhaps,  one  of  the 
most  interesting  subjects  that  falls 
under  the  contemplation  of  the 
^pVulosogher ;  at  the  same  time  it 
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must  be  acknowledged  to  be  o;ie 
that  is  as  little  nniierstood, ,  and 
upon  which  opinions  are  as  much 
divided,  as  any  of  the  most  ab< 
strnse  subjects  of  philosophical  in- 

antry.  Some  consider  light  as  a 
uid,  per  se  ;  while  others  consi* 
der  it  mierely  as  a  phenomenon, 
and  attribute  it  to  a  sort  of  pres* 
aton,  or  Tibration  propagated  from 
the  luminous  body  through  a  subtle 
ethereal  medium.  But  notwith- 
standing  the  imperfection  of  our 
knowledge,  with  regard  to  the 
uatu re  ami  cause  of  light,  repeated 
experiments  and  observations  have 
made  us  acquaiuted  with  several 
of  its  properties ;  such  as  its  mo- 
tion, i^ftectioH,  reflection,  refrac- 
tion, Ac. 

Motion  of  Zr^Af.— The  ancients 
considered  light  as  propagated 
from  the  sun  and  other  luminous 
bodies  instantaneously ;  but  the 
observations  of  tlie  moderns  have 
shown  that  this  was  an  erroneous 
bypiahesis,  and  that  the  motion  of 
light  is  not  instantaneous,  but  that 
it  takes  up  about  sixteen  minutes 
and  a  half  of  time  to  pass  over  a 
spHce  equal  to  the  diameter  of  the 
earth's  orbit,  which  is  near  190 
millions  of  miles  in  length,  or  at 
the  rate  of  near  200,000  miles  per 
second ;  a  conclusion  which  is 
placed  beyond  every  possibility  of 
doubt  by  the  aberration  of  the 
stars. 

LIGHTNING.    See  Thunder. 

LIKE  Quantities,  in  Algebra, 
those  which  consist  of  the  same 
letter  and  power. 

LIMB,  the  outermost  border,  or 
graduated  edge,  of  a  quadrant, 
astrolabe,  or  such  like  mathema- 
tical instrument.  The  word  is  also 
used  for  the  arch  of  the  primitive 
circle,  in  any  projection  of  the 
sphere  in  piano. 

Limb  also  signifies  the  outermost 
border  or  edge  of  the  sun  and 
moon ;  as  the  upper  limb  or  edge; 
the  lower  limb;  the  preceding 
limb,  or  side  ;  the  following  limb. 
Astronomers  observe  the  upper 
or  lower  limb  of  the  sun  or  moon, 
to  find  their  true  height,  or  that 
of  Uie  centre,  which  differs  from 
tile  others  by  the  semi-diameter  of 
the  disc. 

LIMIT,  is  a  tennnsed  bymaUie- 


maticians  for  some  determinate 
quantity,  to  which  a  variable  one 
continually  approaches,  and  may 
coinie  nearer  to  it  than  by  any 
given  difference,  but  can  never  go 
bevond  it. 

Limits  q^f  the  Roots  of  an  Equa- 
tion.— By  tinding  the  roots  ot  an 
equation,  is  to  be  understood  the 
finding  two  such  numbers  that  one 
shall  be  greater,  and  one  less  than 
the  root  required ;  bj'  which  meant 
an  approximation  is  evidently 
made  towards  the  true  root,  and 
the  nearer  these  limits  approach 
towards  each  other,  so  much  the 
more  accurate  will  be  the  approx- 
imation. 

LIMITED  Problem,  that  which 
admits  of  but  one,  or  of  a  certain 
number  of  solutions,  in  contradi^ 
tinction  to  an  unlimited  or  inde- 
terminate  problem,  which  may 
admit  of  an  infinite  number  of  so> 
luiions. 

LINE,  in  Geometry,  is,  accord- 
ing to  Euclid's  definition,  that 
which  has  length  without  thick- 
ness.  Lines  are  either  right  or 
curved ; 

A  Right  or  Straight  Link  is  that 
which  lies  all  in  the  same  direc- 
tion between  its  extremes  or  ends. 

A  Curve  Link,  is  that  which  cou- 
tinually  changes  its  direction. 

Curve  Links  are  again  divided 
into  algebraical^  geometrical,  and 
mechanical,  or  transcendental. 

A.n  Algebraical  or  Geometrical 
Link,  is  that  which  may  be  ex- 
pressed, that  is,  the  relation  be- 
tween its  absciss  and  ordinate  by 
an  algebraical  equation.  And  such 
lines  are  divided  into  orders,  ac- 
cording  to  the  dimensions  of  the 
equations  by  which  they  are  re- 
presented. 

Mechanical  and  Transcendental 
Links,  are  those  which  cannot  be 
expressed  bv  finite  algebraical 
equations.    See  Transcendental, 

Besides  the  above  distinctions,, 
lines  receive  other  denominationa 
according  to  their  absolute  or  re- 
lative positions,  as  parallel,  per- 
pendicular,oblique,  tangential,  &c. 
for  which  see  the  respective  terms. 

Links  have  again  other  distin-> 
guishing  appellations,  as  they  are 
introduced  into  the  different  sci- 
ences  of  astroaomy,  geography  <» 
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dialling,  penpectiye,  Ac. ;  as  Lims 
of  the  Ajktides  ;  of  tlie  Nodes  ;  Ho- 
rixontai.  Hour,  SifUnoeiiai,  ice. 
Joints;  each  of  which  will  be 
found  illustrated  Qnder  the  retpec* 
tive  articles. 

LINEAR  Number,  is  that  which 
relates  to  length  only,  lor  to  one 
dimension,  as  the  number  which 
expresses  the  side  or  perimeter  of 
a  geometrical  figure.  More  cor- 
rectly it  is  a  number  which  is  not 
considered  as  a  product ;  the  pro- 
duct of  two  numbers  denoting  a 
surface,  and  that  of  three  numbers 
a  solid. 

LiNKAR  Pfoblem,  that  which  can 
be  solved  by  means  of  right  lines 
only. 

LOCAL  Problem,  is  used  by 
some  writers  to  denote  a  problem 
tliat  admits  of  an  indefinite  num- 
ber of  solutions. 

LOCUS,  in  Geometry,  denotes  a 
line,  by  which  a  local  problem  is 
solved.  Thus  let  it  be  required  to 
find  a  point  P  so  situated  that 
If  two  lines  be  drawn  from  it  to 
the  two  given  points  A  and  B, 
the  included  angle  A  PB  shall  be 
equal  to  a  given  angle. 

Here  it  is  obvious,  that  if  on  A  B 
a  segment  of  a  circle  be  described 
capable  of  containing  the  given 
angle,  any  point  P  in  the  periphery 
of  that  segment  will  answer  the 
required  condition,  because  all  an- 
gles in  the  same  segment  are 
equal ;  and,  therefore,  in  tliis  case 
that  segment  is  the  locus  geome- 
tricus. 

If  the  locus  which  the  equation 
or  problem  requires  be  a  right  line, 
it  is  called  a  locus  ad  rectum;  if  a 
circle,  locus  ad  circulum;  if  a  pa- 
rabola, locus  ad  parabolum;  and 
the  same  fur  the  ellipse,  the  hy- 
perbola, &c.  The  first  of  these  are 
also  called  plane  ioci,  and  the  lat^- 
ter  solid  loci. 

The  following  are  some  of  the 
simplest  cases  of  the  higher  order 
of  loci  : 

1.  The  base  and  sura  of  the  sides 
of  a  plane  triangle  being  given,  the 
locus  of  its  vertex  is  an  ellipse. 

3.  The  base  and  difference  of  the 
sides  of  a  plane  triangle  being 
given,  the  locus  is  an  hyperbola. 

3.  The  locus  of  that  point,  from 
which,  if  perpendicaiart  be  Axi.^wn 
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to  three  right  1  hies  given  in  posi- 
tion, and  such  that  the  sum  of 
their  squares  shall  be  equal  to  a 
given  space,  is  an  ellipse. 

And  the  same  is  true  whatever 
be  the  nnmber  of  lines  given  in 
position. 

4.  If  a  triangle,  given  in  species, 
have  two  of  its  angles  upon  a 
straight  line  given  by  position,  and 
the  side  adjacent  to  those  angles 
passing  through  a  given  point,  the  . 
locus  of  the  angle  opposite  that  ndi^M 
is  an  hvperifola.  ^^ 

a.  When  the  base  of  a  triangle 
is  given,  and  one  of  the  angles  at 
the  base  double  the  ottier,  the  lo- 
cus of  the  vertex  is  an  kyperboia, 

0.  The  locus  of  the  angles  of  a 
parallelogram,  formed  by  drawing 
tangents  at  the  vertices  of  any  two 
conjugate  diameters  of  an  ellipse, 
is  also  an  ellipse  coneestMc  wUh 
theformer. 

LOG,  aninstmment  asedon  ship* 
board  for  determining  the  rate  of 
the  vessel,  of  which  there  are  di^ 
ferent  constructions ;  see  Robert 
son's  and  other  Treatises  on  Navi* 
gation. 

LOGARITHMIG  Curwe,  or  Lo. 
oisTic  Curve,  is  a  curve  having  its 
abscisses  in  arithmetical  pn^res- 
sion,  and  its  corresponding  curdv 
nates  in  geometrical  progression, 
so  that  the  abscisses  may  be  con- 
sidered as  the  logarithms  of  the 
respective  ordinates,  from  which 
property  the  curve  has  derived  its 
name.  The  subtangent  of  this  curve 
is  always  equal  to  the  same  con- 
stant quantity  a  the  modulus  of 
the  logarithms ;  and  the  area  be- 
tween any  two  ordinates  is  equal 
to  the  rectangle  of  the  constant 
subtangent,  and  the  difference  of 
the  ordinates. 

This  curve  greatly  facilitates  the 
conception  of  logarithms,  and  af- 
fords a  very  obvious  proof  of  the 
very  important  property  of  their 
fiuxions,  or  very  small  increments  ^ 
namely,  that  the  fiuxion  of  a  nam* 
ber,  is  to  the  fluxion  of  its  logar- 
ithm, as  the  number  is  to  the  sob* 
tangent. 

Logarithmic  or  Logistic  Spirai^ 
is  a  curve  having  similar  proper  • 
ties  to  the  above,  but  differently 
constructed;  thus,  divide  the  qua* 
dntuX  <)f  %  cvccU  into  any  niunber 


thmiiEh  lite  pointi  oX  leclluh  wii: 
bE  Ihc  lofurilhmic  ipunj.  Here  Hit 

or  the  ordinau>;u>d  hence  lUi 

LOGABITHHS,  mre  k  lEriei  d 

«h^ta™ii  gl»en  twl  or  modKiu, 
s«utb«  nued.tn order  Id  piuduci 
■UUieii>t<inilnaiBb«n:Bi«liW» 

tcr.WfDrit  number  of  mollipli 


By  hdpof  lojiTtUimi,  mull 


X 


SH^. 


?«,  f*  =  6,  '  uul  ■  being  Ibe  J 

riUUBIDfdUldA.ftlSDbvioUI,! 

the  principle!  of  aJretra,  thoi 
locarUbm  of  the  prodoet  a  , 

e?aand»;  the  lonrUbm  of  the 
aueUenl  a  divided  by  6,  it  eqniil  u 
the  diSerenee  of  tlie  locniilhini  of 
a  mnd  » 1  (he  logarilbni  at  the  ntl- 
PD«er  of  a,  it  equal  u  n  tEmei  Ihi 

of  the  mb  rpol  of  a  it  eqBil  w  the 


nth  putof  Ibe  loiarlthn  oft 

tbe  liDrmuion  of  locuilhrni.  le 
V  be  any  niiinlier,  r  the  rmfli  e 

=V*'The'n°«  l."th«  loSai-ilhrn  c 
V.  Nov,  Ani,  in  ordet  10  And  ■ 
■nalyiicul    exprcMlon   lur   N    j 

+i^-ji.'(r-l)'+*i 
=  l  +  ii{r-l)-i{r-l)>  + 


A'  =  J_-l)'-(r-l)'  +  ftc.         '■ 
»liTr«A,  A'.A",  *c.  sre  cuBiunt 

°  Lit  r  he"n"e«ed  by  any  Indeler' 

A'l'r+2)'  +  Af(i+"i)>  +  *c.> 
(»  —  I)  (I  +  ■)• ;  that  it,  by  >iinphr 

inE  inlei,  or  eapanding  tbe  po>r- 
' -TB  a{  X -t- 1,  and  itappint  u  UU 

?"  =  l+°i^'"   {"  +  *) 

+  A(— 1X*»+"^-^"^' 

+  At-)       («"*')  tfc' 
+  l)£'»  +  *«i- 

i+'A'n-A''S  +  A"a>-r*e-)X* 

i  +  Aa  +  A'^  +  A"i»  +  *c. 

l;e  actual  niulliplieitlon  Df  which 

A"i«-t-A'^**"+*«- 
Whence,  by  comparing  (he  COJi- 
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ezprcMiojn  for  any  nnmber  in  terms 
•f  the  radix  f ,  and  logarithm  x ; 
bot  the  reverse  of  this,  by  which 
the  logarithm  in  expressed  in  terms 
of  its  namber  and  radix  is  the  for- 
mula, which  is  more  particularly 
applicable  in  the  present  inquiry. 

This  may  be  found  a^  follows : 
.  In  the  preceding  article  we  found 

AS 

1.2.3 

afl+  &c. 

where 

A  =  (r-l)-J(r-l)«+i(r-l)' 

—  &c. 

and  if  now  we  make 
B=(N-i)-KN-»r'+i(N-l)« 

—  &c. 

we  shall  have  on  the  same  prin- 
ciples 

B«  B^ 


But 


1.2 


1.2.3 


A« 


N,=>r.=  ,  +  Ax,+  j^,«^ 


+ 


AS 


-  «'  «'  -|-  &c. 


1.2.8 

whence  by  comparing  the  co-effi- 
cients of  »  in  both  series  we  have 
_      A«a^  _   B*        ASar«_ 


B» 


1.2.  3 


&c. 


each  of  which  gives  the  same  re. 
suit,  viz.  Ajr=  B  ;  whence  we  ob- 
tain imniediaiely 

B      (N~l)-4fN-l)*  +  i 

*""  A~  r-l)-4l'--l)'+i 

(N-^ip—  &c. 


(r  —  !>=♦  —  &c. 

which  is  the  analytical  expression, 
for  the  logai  itlim  of  any  number 
N,  in  terms  oHiselfand  the  radix 
of  tlie  sysicm ;  that  is,  writing  a 
instead  of  N, 

log.  a  = 7—  "*    


ir  —  i) 


fa- 1)3- 


&c. 


(T  —  1;^  —  &C. 


Or, 


I.. 
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niflt. 


Atf. 


4(r— 1)»— Ac. 

This,  however,  mnst  only  be  con- 
sidered as  a  simple  algebraical  me- 
thod of  expressing  a  logarithm  ; 
for  it  does  not  always,  answer  the 
purposes  of  calculauon  ;  thus  if  a 
be  any  number  greater  than  unity, 
it  is  obvious  that  the  series  in  the 
numerator  will  either  converge 
very  slowly,  or  otherwise  will  dU 
verge,  and  the  same  with  regard 
to  the  denominator,  suppusirig  r  to 
be  equal  to  10,  as  it  is  in  the  com- 
mon system ;  in  fact,  the  terms. of 
the  series  are  larger,  the  more  re- 
mote they  are  from  the  begir.uing, 
and  consequently  no  number  of 
them  can  exhibit  either  exactly, 
or  nearly,  the  true  sum.  Let  us 
therefore  investigate  the  method 
of  submitting  these  to  calculation ; 
in  order  to  which  we  will  repeat 
again  our  last  series,  viz, 

log.  1  4-  a  =  i= ,  ^  V  -^  " 

(r-.l)-i(^--l..^ 

—  ^a*±  &c. 
'i(r— i;^— &c. 
and  here,  since  the  denominator  is 
always  a  constant  qnamily,  when 
tlie  radix  of  tho  system  is  given, 
we  may  make 

—  &c.  which  render.s  Uie  above 
expression  still  more  simple,  as  iu 
that  case  it  becomes  barely 

log.  l-f-a=— X    i     a—^a^^ 

Ja^— Ja*- &c.  I 
Or,  taking  a  negative 

Jas— ia»  — &c.  J 
Whence  again  by  subtraction 


+j«^+   &C.I 


1  + 


Now  a: 


a+  1 


\ 


a—  I 

•  -hi 


if  therefore 


we  substitute  in  the  foregoing  ex-. 

a  •—  I 
pression —,  instead  of  a,  it 


becomes 


a+  1 


«-/x 
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which  series  must  necessarily  eon- 
Yerge  because  the  deiiomiimtor  of 
each  of  ilie  fractious  is  greater 
than  its  denominator;  still,  how- 
ever, when  a  is  a  number  of  any 
considerable  magnitude,  tiie  de- 
crease in  the  terms  will  be  so  slow 
as  to  render  the  formula  useless 
lor  thepurposesof  calculation. 

The  limits  of  this  article -will 
not*  however,  admit  of  our  enter- 
ing into  an  investigation  ot'  the 
series  suited  %o  the  several  cases 
that  may  arise,  but  for  the  sake  of 
reference  it  will  be  useful  to  give 
some  of  the  most  useful  formula 
for  this  purpose,  which  are,  as  fol- 
lows ;  vix, 

1.  Log.  a  =   i  X  ^  (a  -  1)  -  J 

(a-l)«  +  i(«-l)!«-&c.} 

3.  W  a  =  I  X  |(^-f-;)  +    i 

O  1  e    /U  ^    b 

4.L0B.   -=gx    ^V    -» 
/aj^\«  ,   ,  fa  ^  b\3  -k 


3  a^   ^  4  a« 


a  '^  b\ 


<'">-7  =  mMC-^D  +  1 


c-i-:r+*c^)— 1 


7.  Log.  a  =  log.  "(a  —  1)  -f-   ►-  X 


8.  Jjog.  a  =  log.  (fl  —  1)  -^.  ~  X 

in 


la— I 


+ 


I 


&c.  I 

0.  Log.  a  =  log.  (a  —  «)  +  i  X 

M 


I 


+ 


+ 


S79 


-H  &c.  > 

To  the  above  may  be  added  the 
following,  which  will  be  fuund 
useful  on  many  occasions. 

10.  Log.  «  =  g  X  I  (a  — <r-»)— 4 

&c.  I 

11.  Log.  (aH-  s)=  log.  «  +  g  X 

&c.  I 

12.  Log.  (a  —  x)  =  log.  a  »- rr  X 

&c.  I 

13.  Log.  (fl  ±  sr)  =  log.  A  i:  ^  X 

(7^7)+*-} 

14.  Log.  a  =  ^  X  J  ("V  «  —  1) 

-i("'V«-i)«H-i(«V«-l>" 
--&c.i 

We  have  assumed  the  series 
which  constitutes  the  denominator 
in  our  first  expression  or  known 
quantity,  which  we  have  repre- 
sented by  M. ;  it  will' however  be 
proper,  before  we  conclude  this 
article,  to  offer  sifeHi  t«x«bxV&'QcyQMk 
the  A]b«o\u\«  'Y«\u!&  ^i  >>a^:^  tiKC\Kv« 
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Lhii  fiuiiun  irc  uully  IndCDeiid. 
cnt  of  *uh  other,  mid  thcrcl.iie  r 

(bc^'nlBe  of  lbs  wtwle  dcnmoni- 
(Dr  compuHd  for  any  Mrtlcular 
nifiiUiiilc  uilincd  lo  ibti  kiur. 
OiolhcnrlM,  Uil  whole  deiiomi- 

Jiuilty,  ud  ih>  Hlu  o(  r  iueir 
cumuwd  by  cominuiloii.  The 
latter  nelbod,  at  flnl  tlfht,  >p- 
peirv  the  most  eJltlbJOt  for  by  aa- 

eiual  lo  BoUy  tl  dlHppean  cu- 

^•}'^'  ="^^V^+ 1  •■  -" 

«•  -I-  &e.  1  ibin  vc  however  in- 


Fw  or  the  HiUeGi,    boi 

re,  DotwllbMUHUnd  very 
upon  ■  (unher  iBTotlga- 


•e-'.s 


the  fivetioii   jj     becDiuea 
TheH  conniUile  what  are  ■._ 
hyperbolii:  liieaittliirt,  and  whlcb 


iinon  ute,  a  defect  wblcb  li  by 

■ng  admit»(e  ■lundlac  iheir 
ipuutHM.    InlhecDDiBKm  lyi- 

e  of  nutation  i  and  hence  hnw* 
Ht  Impuiunl  ad  vanlatc,  w  b  it  b 
bat  tbe  louriihm  or  all  nnm- 
leiprcued  by  Lbe  laDieillgiu, 
rtber   ialefen,     dtaloiaU,    or 


in  the  index  nr  chara 

beJofaiitbu.  Forihe 

,   IB;  a,  1, 1,  3,  Jkc.  will 

hmt  of  I,  ll.  If,  &o.  I 
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glithrntot'l, 


ihc  integral  |ian  of  the  Inak- 
1,  and  the  dacimal  part  viltl 

II  tbE  lablMorioiarlUiBii  are 

d  b*  with  any  other  ndli, 
II  tbe  byperbokLcayMen,  or  In 
Dlber  wbh:h  hii  not  iu  radix 
unie  aa  that  of  the  Kale  at 


le  In  coviMilai  tfaeni.  Ttai* 
...  -,-tonlr  GOUHIa  In  muJliplyuif 
the  hypFriallclonrlthmbyaeou- 


■yiUmi  orlofarHhmi  are  cuimec- 

«FK«n  OIK  tola  Id  anoUier  "Tbui 
the  by|ierboilc  loffarlibm  ol  ananr 

bnarithin  by  HDlUplytag  Ibe  foi^ 

mcr  by  ■4MMI,  alM  the  latter  la 

muliflilyiog  it  by  »""■*■"• 
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point  will  be  the  longitude  of  the 
star. 

LoNOiTDDK,  in  Geographff  and 
Navigation,  is  the  nteti&ure  of  ttie 
angle  included  between  the  meri* 
dian  of  any  place,  the  longitude 
of  which  is  required,  and  arertain 
fixed  meridian  from  which  the 
longitude  is  reckoned ;  or  it  is  the 
number  of  degrees,  minutes,  &c. 
Intercepted  between  a  certain 
lixed  point  of  the  equator,  and 
the  inlerscction  of  the  meridian  of 
the  place  with  the  same  circle. 

Hence  it  appears  that  all  places 
situated  under  the  same  meridian 
have  the  same  longitude,  and 
therefore,  when  only  the  longi- 
tude of  a  place  is  given,  it  may 
be  situated  any  where  within  that 
circle.  Or  if  unly  the  latitude  be 
given,  the  place  may  be  situated 
any  Mheie  in  that  parallel  of  laii- 
tude. 

Now  navigators  can  always  find 
the  latitude  of  the  ship  by  obser- 
vations on  the  sun,  circumpolar 
stars,  &c. ;  and  it  is  obvious,  there* 
fore,  liow  highly  important  it  is 
for  tht-m  to  possess  a  similar  easy 
method  of  finding  their  longitude, 
whicii  would  fix  their  position  on 
the  globe  to  the  greatest  possible 
degree  of  accuracy.  But  unfortu- 
nately this  is  not  the  case,  and 
the  problem  of  finding  the  longi- 
tude, though  now  much  simplified, 
is  still  v«ry  embarrassing,  and  the 
result  cannot  ultimately  be  de- 
pended upon  to  the  same  degree 
of  accuracv  as  in  ascertaining  the 
latitude^  I'he  only  correct  method 
is  by  ascertaining  the  difference 
in  the  lime,  between  the  place 
from  which  the  longitude  is  rec- 
koned, and  that  whose  longitude 
is  to  be  found ;  which  difference 
of  time  converted  into  degrees, 
&(-.  will  give  the  lougiti^de  re- 
quired. 

Since  the  earth  performs  one 
diurnal  revolution  in  24  hours,  or, 
wiiich  is  the  same,  since  the  sun 
ma^es  one  apparent  revolution  in 
that  time,  it  is  obvious  that  he 
passes  over  19^  every  honr,  and 
therefore,  if  one  place  is  situated 
IS^  to  the  westward  of  another, 
the  Hun  will  pass  over  the  meridian 
4>f  thai  place  one  hour  later  thai> 
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at  the  former;,  and  if  it  be  15*  to 
the  eastward.  It  will  pass  over  it 
one  hour  sooner,  and  so  on  in  pro- 
portion fur  any  other  difference  in 
time,  whence  it  is  obvious  that  if 
the  differeitce  in  time  be  given, 
the  difference  in  longitude  becomes 
known. 

Most  nations  assume  for  a  fixed 
meridian  that  which  passes  over 
tlieir  metropolis,  or  some  other  re- 
markable place.  Thus  the  English 
reckon  their  longitude  from  the 
meridian  of  the  observatory  at 
Greenwich  ;  the  French  from  the 
meridian  of  Paris,  &c.  ;  and  as  we 
before  observed,  the  great  object 
is  to  ascertain  the  difference  in 
time  between  these  fixed  places 
and  that  whose  longitude  is  sought, 
that  is,  the  time  which  elapses  be- 
tween the  sun's  passing  the  meri- 
dians of  the  two  places.  Now  if  a 
time*piece  could  be  so  accurately 
constructed  as  neither  to  gain  nor 
lose,  or  if  it  either  gained  or  lost, 
provided  the  rate  of  its  deviation 
was  constant,  this  would  be  all 
that  is  required  for  the  complete 
solution  of  this  problem.  For  su)v 
posing  the  watch  to  be  set  to  the 
true  Greenwich  time,  then  when- 
ever it  is  12  by  the  watch,  the  sun 
will  be  upon  the  meridian  pf 
Greenwich,  therefore,  if  the  sun 
passes  the  meridian  of  any  place 
when  it  is  11  o'clock  by  the  watch, 
it  shows  the  place  to  be  15"  to  the 
east,  or  that  the  place  wsu  in  15** 
east  longitude;  and  if  it  is  one 
o'clock  by  the  watch,  the  place 
would  then  be  in  15"  west  longi- 
tude, and  so  on  for  any  other  lime. 

Another  method  of  finding  the 
longitude  is  by  astronomical  obser- 
vation, that  is,  by  measuring  the 
distance  between  the  moon  and 
certain  fixed  stars,  which  in  con- 
sequence of  the  rapid  motion  of 
the  moon,  varies  every  instant ; 
and  therefore  this  distance  being 
accurately  ascertained  by  proper 
instruments,  the  exact  correspond- 
ing lime  at  Greenwich  also  be- 
comes known  by  means  of  tables 
computed  for  that  purpose,  and 
published  every  year  in  the  Nau- 
tical Almanack.  Hence  having 
the  time  at  Greenwich,  and  the 
I  time  at  the  ship,  the  diffiit««sR^'vcw 


MATHBMATICAI.   AND  PHYSICAL   SCIENCE. 


CIntie  between  the  two  p1«cei»  and 
eenaequetitly  tlie  difference  in  lon- 
gitude becomes  known. 

Y*hi8  method  of  finding  the  Ion- 
gitude  at  aea,  being  then  allowed 
on  all  hands  to  be  far  preferable 
to  any  other  at  present  known, 
any  improvement  in  it,  either  by 
means  of  new  tables,  or  in  instru- 
ments lor  taking  the  distances,  will 
always  be  considered  of  the  ut- 
most importance ;  and  though  much 
has  been  already  done  towards 
bringing  it  to  perfection,  yet  much 
more  remains  to  be  done;    and 


which,  it  is  hoped,  may  yet  b6 
effected  by  perseverance,  for  which 
the  honours  and  rewards  held  out 
by  the  government  wjll,  no  doubt, 
act  as  a  powerful  stimulus. 

ZVyreej  of  LoNGiTUDS.  Iti&oib- 
vioos  that  the  iength  f>f  a  degree 
of  longitude  varies  with  the  paral- 
lels of  latitude,  being  every  where 
as  the  cosine  of  the  latitude.  The 
following  table  shows  the  length 
of  a  degree  of  lon{;itude,  C(>rre». 
ponding  to  every  degree  of  Utilnde 
from  the  e*qnati)i  U)  the  pole,  as 
expressed  in  English  miles. 


TJsr 

oC  La- 

of^'L- 

, 

15^ 

Deg.  Lon. 

Deg.  Lon. 

cif  La. 

Deg.  Lon 

titude 

Sng.  Milea 

titnde 

Eng.  Miles 

1  litude 

Eng.  Mil 

69.90 

30 

50.03 

60 

94.60 

60.19 

3] 

50.39 

61 

33  55 

60.16 

39 

58.69 

69 

39.49 

60.11 

33 

58.04 

63 

3142 

60.03 

34 

57.37 

64 

30.34 

s 

68.04 

85 

56.69 

65 

29.95 

68.89 

36 

55.98 

66 

98.15 

^ 

68.60 

37 

55.97 

67 

97.04 

*• 

68.53 

38 

54.53 

68 

95.99 

68.35 

30 

53.78 

69 

94.80 

68.15 

40 

53.10 

70 

93.67 

6r.03 

41 

62.93 

'Tl 

9«.53 

67.60 

49 

51.43 

79 

9138 

67.43 

43 

50.61 

73 

S0.93 

67.14 

44 

49  70 

74 

10.07 

66.84 

45 

48.03 

75 

17.91 

66.59 

46 

48.07 

76 

16.74 

66.18 

47 

47.10 

n 

15.57 

18 

65.81 

48 

46.30 

78 

1430 

19 

65.43 

49 

45.40 

70 

].t.90 

20 

65.97 

50 

44.48 

80 

1909 

91 

64.60 

51 

43.55 

81 

10  83 

SS 

64.06 

59 

49.60 

89 

9.63 

93 

63.70 

53 

41.65 

88 

8.43 

S4 

63.99 

54 

40.68 

84 

7.93 

£5 

69.79 

55 

30.69 

85 

6.03 

36 

69.90 

56 

88  70 

86 

4.83 

«7 

61.66 

57 

37.69 

87 

3.69 

98 

61  10 

58 

36  07 

88 

9.49 

99 

60.59 

50 

35.64 

89 

1.94 

LoNoiTUDX  Stars t  is  a  term  fre- 
quently used  to  denote  those  fixed 
stars  which  have  been  selected  for 
the  purpose  of  finding  the  longi- 
tude by  lunar  observations;  theffe 
Jire  as  follows  z-^c^  Arietis,  a  small 

star  wjtbont  the  zodiac,  about  99' 
to  the  rjglit-hand  of  the  P\emde« 
— Aldebaran^  in  the   BnU*s-ey 


half-way  between  the  Pleiades  anA 
the  star  which  forms  the  western 
shoulder  of  Orion. — «  Pegasi,  a 
star  abont  44*  to  the  right  of « 
Arietis,  being  nearly  in  a  line  witli 
this  latter  star  and  the  Pleiades. — 
PolltiXf  a  little  to  the  northwaid 
~  M^eWtan,  beini;  the  left-hand 
Vwo  >ot\^\vv.  %vavs  \w  iVie  con. 


•ye,   a\  out  M 
[abouXV%Ve\\a.> 


Jatffo  conspicuous  atar,  lyiBgaboviXV%\.e\\a.Wov\  ^^wv\v>k.— Re6xi\us^c\\v»wv 


J^62 


LU  H  —  LU  N 


"IS*  S.  E.  of  Pollax,  being  the  aou- 
theminost  of  I'onr  bright  stars  to 
the  N.  E.  of  Aldebaran.— .%)ic«  P3r- 
ginU,  a  white  sparkling  star,  about 
14"  S.  E.  of  Regulu^.— ifln^ore/,  ly- 
ing tq  the  rightpiiand  of  Regains, 
and  about  46*  from  Spica  Yirginis. 
•—FamahauU,  4ying  about  49"  to 
Uie  south  of  a  PegaH.—u  AquUtB,m. 
•tar  about  47"  to  the  westward  of 
a  Pegasi. 

LUNAR,  any  thing  relating  to 
the  moon ;  thus  we  say  lAtnar  Cy- 
cle, iMnar  Months  Lunar  Year,  Ike 
See  Cycli,  Month,  Year,  &c. 

Lunar  Distance,  in  Navigation, 
is  a  popular  term  used  to  indicate 
the  problem  of  finding  the  distance 
of  the  moon  from  the  sun  or  s<ime 
fixed  star,  for  the  puriK>se  of  as> 
certaining  the  longitude. 

In  this  problem  the  apparent 
distance  of  the  moon  from  the  sun 
or  a  star,  as  found  by  observation,  is 
given,  and  also  their  apparent  al- 
titudes or  zenith  distances,  to  find 
their  true  distance  as  seen  from 
the  earth's  centre. 

Since  the  observed  altitude  of 
any  celestial  object  is  affected  by 
refraction  and  parallax,  the  effects 
of  which  are  always  produced  in 
a  vertical  direction,  it  is  obvious 
that  the  observed  distance  of  any 
two  bodies  will  also  be  affected  by 
the  same  causes.  With  regard  tu 
the  fixed  stars  the  parallax  va- 
nishes, so  that  their  places  are 
changed  by  refraction  only;  but 
in  observations  of  the  moon  parti- 
cnlarly,  the  effect  of  parallax  is 
very  sensible,  on  account  of  her 
proximity  to  the  earth  ;  for  which 
reason  the  distance  of  tlie  moon, 
and  any  celestial  object,  is,  for  the 
most  part,  considerably  different 
from  the  observed  distance. 

It  may  also  be  remarked,  that 
since  the  refraction  of  the  sun,  at 
the  same  altitude,  is  always  greater 
than  his  parallax,  his  true  place 
will  be  lower  than  his  apparent 
place ;  and  because  the  moon's  pa- 
rallax, at  any  given  altitude,  is  al- 
ways greater  than  the  refraction 
at  that  altitude,  her  true  place  will 
be  higher  than  her  apparent  place. 

This  being  premised,  let  ZM 
(Plate  T.  fig.  1.)  be  the  observed 
■enith  distaace  oi  Oae  moon,  und 
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Zm  her  tme  sentth  distance  ;  Mi<i 
being  the  difierence  between  the 
moon's  refraction  and  her  paral- 
lax us  altitndp.  Also  let  Z  S  be  the 
observed  zenith  distance  of  Uie 
sun  or  star,  and  Z  «  its  true  zenith 
distance:  3«  being  the  difference 
between  the  sun's  refraction  and 
parallax*  or  the  refraction  of  a 
star.  Then  since  in  the  triangle 
Z  SJH,  the  l9hree  sides  Z  S,  Z  M,  S  M, 
arc/given,  the  vertical  angle  SZJft 
may  be  found  by  the  known  case 
of  oblique-  angled  triangles.  And 
because  in  the  triangle  Zsm,  the 
two  sides  Z«,  Z  m,  And  the  includ- 
ed angle  «  Z  m,  are  also  Xnown,  the 
true  distance  tm  may  also  be 
found  in  a  similar  manner  from 
the  common  rules  of  spherical  tri- 
gonometry. 

Rut  this  method,  though  direct 
and  obvious,  requires  three  sepa 
rate  staiings,  or  analogies,  for  ob- 
taining the  true  distance ;  it  may, 
however,  be  rendered  more  com 
modious  in  practice,  by  incorporat- 
ing the  analytical  formulie  for 
finding  the  angle  Z  and  the  side 
sm,  into  a  single  expression  ;  which 
when  converted  into  logarithms 
gives  the  following  rule,  using  the 
altitudes  instead  of  the  zenith  di» 
tances. 

Take  the  difference  of  the  appa^ 
rent  altitudes  of  the  moon  and 
star,  or  moon  and  sun,  and  half 
the  difference  of  their  altitudes; 
also  take  half  the  sum  and  half 
the  difference  of  the  apparent  dis- 
tance and  difference  of  the  appa- 
rent altitudes.  Then  to  the  log. 
sines  of  tliis  half  sum  and  half  dif- 
ference, add  the  log.  cosines  of 
the  true  altitudes  (as  ctnrected  for 
semi- diameters,  refi  action,  paral- 
lax, and  dip,  by  means  of  the  ta- 
bles calculated  for  these  purposes), 
and  the  complements  of  the  log. 
cosines  of  the  apparent  altitudes, 
and  take  half  the  sum. 

From  this  half  sum  take  the  log. 
sines  of  half  the  difference  of  the 
true  altitudes,  and  find  the  remain, 
der  amongst  the  log.  tangents; 
which  being  found,  vtake  out  the 
correspondmg  log.  cosine  with- 
out taking  out  the  arch,  which 
is  4iBnec«s6«ry.  I4istly,  subtract 
this  log.  cosine    from    the    lo^. 
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•ine  of  half  the  dHTereoce  of  Uue 
true  akitttdes,  increMed  by  10  in 
(lie  index,  and  the  remainder  wUi 
iliaii  be  the  log.  tine  of  half  4he 


trfie  difference.  Thas,  tor  exAa- 
pie,  lei  there  be  proposed  the  foU 
lowing  data,  to  tiud  Uie  true  iii»> 
tances;  vix« 


Apparent  distance  ^  and  0 AVWW* 

Apparent  altitude  ^ ',  eentre  •  •  •  •  •  12  30 
Apparent  altitade  Q's  centre  •  •  •  •  •  S4  48 
Time  altitude  •  •    ^'s  centre  •  •  •  •  •  13  20  43 
iTme  altitude  •  •  0*8  centre  •  •  •  •  •  24  45  57 

Apparent  altitude  of  Q 24  46 

Apparent  altitude  of  J)   ••••••  i2  30 


Dlfferen  apparent  altitudes 12  is 

Trae  altitude  of0 ••244557 

True  alUtude  of  )  •  • ••  13  20  42 

2)1 1  25  15 


Indifference  true  altitude •  5  42  37$ 


Amiarent  distance  •••••■•••  51  ?8  35 
Different  apparent  altitude 12  18 

2;G3  46  35 
A  sum •  t  31  53  174 

2)39  10  35 
i  difference 19  35  17^ 


Then  by  the  foregoing  rule  we  have  the  following  computation  : 

Log.  sine IP  53/  IJ^n  •  •  .  9-7228488 

Log.  sine 19  35  174    •  >  .  9  5253755 

Co.  log.  cos •  12  30  ■  •  •  0  010«185 

Log.  COS 13  20  42     •   •  •O'ySSlllO 

Go.  log.  cos  .••••.2448  •..  0*0420200 

iiog.  cos  ••••••••  24  45  57     .  •  •  9'9580990  . 

2)30-2468743 


I9-6$S4371 
Log.  sine  •  • 5  42  87     •  •  .8-9978159 


Log.  tan.  of  an  arch  « 1O'02563I2 


Corresponding  log.  cosine 9*3625337 

m       ■■■■  ■■  ■■ 

Log.  sine •  .   25  34  544    *  •    9.03528-22 

2    •       ■ 


Trae  disUnce 5\   ^  Vk 
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-  Tliis  n  the  direct  method  of  de- 
Terniiiiing  the  true  distance,  inde^ 
IKfndently  of  «ny  other  tables- than 
those  of  common  logarithms,  and 
what  are  foand  in  the  Nautical  AU 
manack ;  bnt  as  this  is  the  most  la- 
borious operation  connected  with 
the  longitude  problem,  varions 
other  rules  have  been  devised, 
which,  bv  the  help  of  certain  ta- 
bles, render  the  operation  much 
more  simple  and  expeditious.  The 
most  approved  of  tiiese  rules  may 
be  seen  by  consulting  Mackay  on 
the  Lonixitude;  see  also  Maske* 
lyne's  "Mariner's  Guide/' the  Re- 
quisite Tables,  und  the  other  works 
referred  to  in  the  preceding  part 
of  this  article,  by  Borda,  Caille, 
Delanibre,  Robertson,  Mendoza 
Rioes,  &c. 

LUNATION,  the  time  between 
one  new  moon  and  another;  con. 
fiisting  of  29  days,  IS  hours    44  mi- 

Dutes,  3^^  seconds. 

LUNB,  Lunula,  in  Geometry, 
is  the  space  included  between  the 
arcs  of  two  unequal  circles,  form- 
ing a  sort  of  crescent,  or  half-moon ; 
the  area  of  which  may,  in  many 
cases,  be  as  accurately  determined 
as  that  of  any  rectilinear  figure. 


The  Inne  was  ih«  first  corvilinetr 
space  of  which  the  quadrature  was 
ascertained,  and  this  is  said  te 
have  been  first  effected  by  Hippo- 
lerates  of  Chios ;  though  others  say 
it  was  discovered  by  CEnopidec  oif 
Chios.  However  this  may  be,  the 
former  geometer  has  generally  had 
the  honour  of  the  discovery  attri^ 
bated  to  him,  and  the  figure  still 
bears  his  name,  being  commonly 
denominated  the  lune  of  Hippo- 
crate&,  the  construction  of  which 
is  as  follows: 

On  the  diameter  of  a  semicircle 
describe  a  right>angled  triangle,  of 
which  the  angular  point  will  ne- 
cessarily fall  in  ihecircnmfeivncc. 
Then  on  each  of  the  sides  describe 
a  semicircle ;  the  two  figures  con- 
tained between  them  and  the  first 
semicircle  will  bo  lunes;  and  the 
area,  of  them  -will  be  equal  to  the 
area  of  the  right-angled  triangle. 
For  the  semicircles,  when  the  two 
sides  are  equal  to  that  upon  the  di- 
ameter; and  if  the  segments  be- 
tween the  sides  and'  the  lunes 
which  are  common  to  both  be 
taken  away,  the  remaining  linea 
will  be  equal  to  the  remaining  tri 
angle. 
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MACHINE,  any  thing  that  is 
nseri  to  augment  or  to  regulate 
moving  forces  or  powers ;  or  it  is 
any  instrument  employed  to  regu- 
late motion  so  as  to  save  either  time 
or  force. 

Machines  are  classed  under  dif. 
ferent  denominati<ms,  according  to 
the  agents  by  which  they  are  put 
in  motion,  the  purposes  they  are 
intended  to  effect,  or  the  art  in 
which  they  are  employed  ;  as  Elec- 
tric, Hydraulic,  Pneumatic,  Mill 
targ.  Architectural,  Ac. 

Maximum  Effect  of  Machines, 
is  the  greatest  effect  which  can  be 
produced  by  them,  f  n  all  machines 
thai  work  with  a  uniform  motion, 
there  is  a  certain  velocity,  Imd  a 
certain  load  of  resistance,  that 
yields  the  greatest  effect,  and  which 
are  therefore  more  advantageous' 
than  any  other.  A  machine  may 
be  so  heavily  charged,  that  the 
iiioUon  reauUing  i'roin  Che  opplica- 


tion  of  any  given  power  wiU  be 
but  ^nst  sufficient  to  overcome  it» 
and  if  any  motion  ensue  it  will  be 
very  trifiing,  and  therefore  the 
whole  effect  very  small.  And  if 
the  machine  is  v^ry  lightly  loaded, 
it  may  give  great  velocity  to  the 
load ;  but  from  the  smallness  of  its 
quantity  the  effect  may  still  be 
very  inconsiderable,  consequently 
between  these  two  loads  there  must 
be  some  intermediate  one  that  will 
render  the  effect  the  greatest  pos- 
sible. This  is  equally  true  in  the 
application  of  animal  strength  as 
in  machines. 

1.  The  maximum  effect  of  a  ma- 
chine is  produced  when  the  weight 
or  resistance  to  be  overcome  is  just 
I  of  that  which ,  the  power  when 

fully  exerted  is  just  able  to  ba- 
lance, or  of  that  resistance  which 
is  necessary  to  reduce  the  macKvv\«. 
to  rest",  a.nd  \3a«  -v^XocvV^  v^l  >\x^\»xv 
of  One  mM\kV(we  X»  ^X^VOd^*.  v^ns^i. 


it  upplled  •honld  b«  one  third  af 
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a.  Thii  b  equiirir  (rue  when  tp. 
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■nlmiii  will  do  ih>  t.n>>l«<  ' 
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— loclly.wlitniini 

i>  nbonl  a  ftel  iwr  Hcand , 
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Dr.   HcTKhel  c 


KAGIC  CIrcIt  of  l»tla,  ii  u 
r,vei.iLuii  or  Dr.  Pi»iklln>(,  foiiBil- 
?d  nil  the  nme  priociptet  «nd  poe- 
icum^  HinllAr  proiwllei  to  Iha 
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nine  111  Jiar.  Thlecuniiinofeliht 
:«iecntric  circlet  and  elfht  riSli, 
n  the  ctrcninl'ereiHset  of  which  ill 
he  nmiurfel  Udiiibert  from  IS  to  19 
irc  til  puiiled,  lint  the  um  of  Iha 


Vuinnt   hypolhnn  h^ve  \>ee»\tTU 
HTca.ird  ta  uaeiiu  far  thaMipoH,\  nV 


at  Iha  oiyigci 
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Huire  arc  »  poiltcd  lliu  th<  inm 
of  »ch  raw,  •rtHlhcr  uken  l»H- 
■ODUiIly,  nrUnlly,  or  dii(Onslly, 

SE^Latal"  ■!»'  ^he  "fanovl"^ 
rulg  fbr  fillinc  up  Ik*  «Ili  in  any 
«qiuir«  cnntiiliiigof  mi  udd  num- 
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Uiore  Sprort  of  Sqvwrts,  ii  ui 


Krtp  td  bui  af  iKHi  or  •!«].    In- 
lerd.irhiitlaninUlf  Enllid  aniit. 

T»f%«  d/'d  Mafut.  arc  tInH 

■r>r>  ID  be  ci>nc«nlraud. 
T><  Mtnetkrl   MtrUkm.  1>  ■ 
Tinkal   circle,   vhlch   i.itcnnM 


7*e  Jii,  t/  a  Mntntl,  ii 


rTt>  dip  ui 


'torinT  Vli 


f  (tie  Uaniel^TTha 

.       are  iIkh.     J.  K 

macMt.  when  fierty  (ippinted 
either  by  a  lhr««  nr  tii  a  Hcbt 
—wl  on  water,  will  ptane  iMlf 
a  directloa  nearly  cotBetdlajt 
Ji  the  pulea  «f  the  canh.  1.  Thii 
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*  all  paru  of  the  woiid,  nor 
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in>  enaelly  balanced,  will, 
led  by  a  ma|iiet  lo  at  (a 
ilflaie  tlial  |in^rty  to  it, 
1  r^liibrlam  deitmyedt 
LI  ntremlUii  dippinf  oob- 
(Idcrsbly  brimi  the  lu-nionlal 
{•lane.    4.  The  renlret  of  action  of 

UHce''l'n>inmeat[emiaei,and  tba 

A  diuaueca.    i  When  a  mm%- 

•it  directhiii,  (be  Ibrce'  with 
111  it  iruiiiHi  rr(iin  that  pnii. 


MATHEMATICAL  AVD  PHTStCAL  8CIEKCE. 


ralitciided  by  Ht  natural  direction, 
and  that  in  whieli  it  is  placed. 
0.  In  erery  magnet  there  are  two 
pote«,  of  which  the  one  points 
north  wards  vtfae  other  southwards ; 
and  if  the  magnet  be  divided  into 
any  number  of  pieces,  the  two  poles 
will  be  found  in  each  piece.    The 

Kles  of  a  magnet  may  be  found  by 
Idlng  a  very  fine  short  needle 
over  it,  for  where  the  poles  are 
the  needle  will  stand  upright,  but 
no  where  else.  By  the  following 
method  also,  the  situation  of  tlie 
poles,  and  the  direction  of  the 
(supposed)  magnetic  effluvia  in  pas- 
sing out  of  the  stone,  may  be  exhi- 
bited to  the  sight:  let  there  be 
strewed  about  the  poles  of  the 
magnet,  on  every  side,  some  iron 
or  steel  filings  on  a  sheet  of  white 
paper;  these  will  be  affected  by 
the  magnet,  and  so  disposed  as  to 
show  the  course  and  direction  of 
the  magnetic  particles  in  every 
part.  Itius,  ill  the  middle  of  each 
pole,  it  appears  to  go  nearly  straight 
on ;  towards  the  sides  it  proceeds 
in  lines  more  and  more  curved,  till 
at  last  the  curve-lines,  from  both 
poles  exactly  meeting  and  coin- 
ciding, form  numberless  curves  on 
each  side,  nearly  of  a  circular 
figure*  If  the  table  on  which  the 
paper  rests  receives  a  few  gentle 
knocks,  so  as  to  shake  the  filings  a 
little,  otherwise  the  action  of  the 
magnet  will  not  be  sufficient  to  dis- 
pose proper!  v  tliose  pfirticles  which 
lie  at  a  considerable  distance.  7.  The 
magnetic  poles  in  different  parts  of 
tiie  globe,  are  differently  inclined 
towards  a  point  under  the  horizon. 
8.  These  poles,  though  contrary  to 
each  other,  help  mutually  towards 
the  magnet's   attraction,  and  sus- 

gensiun  of  it-on.    9.  If  two  magnets 
e  spherical,  one  will  turn  or  con- 
Ibrm  itself  to  the  other,  as  either 
of  them  would  do  to  the  earth ; 
and  alter  they  have  so  conformed 
or  turned  themselves,  they  iiave  a 
tendency  to  approach  or  join  each 
other ;   but  if  placed  in  a  contrary 
position,  they  repulse  each  other. 
10.  %(  a  ma^rnet  be  cut  through  the 
axis,  the  segments  or  parts  which 
before  were  joined,  will  repel  eaeh 
other,    11.  If  the  magnet  be  cut 
perpendicuUr  to  its  axis,  tlte  two 
pointM  which  were  before  oobjohk* 
J9» 


ed,  will  become  contrary  poli^ 
19.  Iron  receives  virtue  from  tli« 
magnet  by  application  to  it,  oe 
barely  from  an  approach  towards 
it,thoughitdonottouch  it;  and  the 
iron  receives  its  virtue  variously . 
according  t*  the  parts  of  tiie  stone 
it  is  made  to  touch,  or  even  ap 
proach  to.  IS.  If  an  oblong  piece 
of  iron  be  any  way  applied  to  the 
stone,  it  receives  virtue  from  it 
only  lengthways.  14.  A  needle 
touched  by  a  magnet  will  turn  its 
end  the  same  way,  towards  the 
poles  of  the  world,  as  the  magnet 
Itself  does.  15.  Neither  the  tnag 
net,  nor  needles  touched  by  it,  con- 
furm  their  poles  exactly  to  those 
of  the  world,  but  have  usually  soma 
variation  from  them ;  and  tiiis  va- 
riation is  different  in  different 
places,  and  at  divers  limes  in  the 
same  places.  16.  A  magnet  wiU 
take  up  much  more  iron,  when 
armed  or  capped,  than  it  can  alone. 
17*  A  strong  magnet  at  the  least 
distance  from  a  smaller  or  a  weaker, 
cannot  draw  to  it  a  piece  of  iron 
adhering  actually  to  such  a  smallet 
or  weaker  stone ;  hut  it*  it  touch  it, 
it  can  draw  it  from  the  other ;  but 
a  weaker  magnet,  or  even  a  small 
piece  of  iron,  can  draw  away  or 
separate  a  piece  of  iron  contiguous 
to  a  larger  or  stronger  magnet. 
1ft.  In  north  latitudes  the  south 
pole  of  a  magnet  will  raise  up  more 
iron  than  its  north  pole.  19.  A  plate 
of  iron  only,  but  no  other  body  in- 
terposed, can  impede  the  operation 
of  the  magnet,  either  as  to  its 
attractive  or  directive  quality.  2(>. 
Tiie  pbwer,  or  virtue  of  a  magnet, 
may  be  impaired  by  lying  long  in 
a  wrong  position,  as  also  by  rust, 
wet,  &c.  and  may  be  quite  destroy 
ed  by  fire,  lightning,  &c.  31.  A 
wire  being  touched  from  ^  end  to 
end  with  one  pole  of  a  magnet,  ^e 
end  at  which  you  begin  will  always 
tiirn  contrary  to  the  pole  that 
touched  it :  and  if  it  be  again  touch 
ed  the  same  way  with  the  other 
pule  of  the  magnet,  it  will  then  be 
lurned-the  contrary  way.  22.  If  a 
piece  of  wire  be  touched  in  the 
middle  with  only  the  pole  of  the 
magnet,  without  moving  it  back- 
wards or  forwards ;  iu  that  place 
will  be  the  pole  of  the  wire,  anjl 
^Vke  \.v(o  euisU  wiU  be  Ibe  other  pqle. 
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j^3.  If  a  magnet  be  heated  red  hot, 
and  again  cooled,  either  with  its 
south  pole  towards  the  north,  in  a 
horizontal  position,  or  with  its  south 
pole  downwards  in  a  perpendicular 
position,  its  poles  will  he  changed. 
24>.  Hard  iron  tools  well  tempered, 
when  heated  by  a  brisk  attrition,  as 
filing,  taming,  &c.  will  attract  thin 
filings,  or  chips  of  iron,  steel,  &c. 
and  hence   we  observe  that  files, 

Snnches,  augf  rs,  &c.  have  a  small 
egree  ot  magnetic  virtue.   25.  The 
iron  bars  of  windowS)  &c.  which 
have  stood  a  long  time  in  an  erect 
position,  grow  permanently  mag- 
netica! ;  the    lower   ends   of  such 
bars  being  the  north  pole,  and  the 
Upper  end  the  south  pole.  26.  1  ongs 
and  flreforks,  by  being  often  heat« 
ed,  and  set  to  cool  again,  in  a  pos- 
ture /jearly  erect,  have  gained  this 
magnetic     property.      Sometimes 
iron  bars,  by  long  standing  m  a  per- 
pendicular positition,  have  acquir- 
ed the  magnetic  virtue  in  a  surpris- 
ing degree.     A  bar  about  ten  feet 
long  and  three   inches  thick,  sup- 
porting  the   summer   beam    of    a 
room,  was  able  to  turn  the  needle 
At  eight  or  ten  feet  distance,  and, 
exceeded    a    loadstone    of    three 
prounds    and  a-half  weight;    from 
the  middle  point  upwards  it  was  a 
north  pole,  and  downwards  a  south 
pole.    27.  A  needle  well  touched, 
it  is  known,  will  point  nearly  north 
and  south  ;  but  if  it  have  one  con- 
trary touch  of  the  same  stone,  it 
will  be  deprived  of  its  faculty  ;  and 
by  another  such  touch  it  will  liave 
its  poles  interchanged.    S8.  A  mag- 
net acts  with  equal  force  in  vacuo 
as  in  the  open  air.    The  smallest 
magnets  have  usually  the  greatest 
power  in  proportion  to  their  bulk. 
A   larK:e  magnet  will  seldom  ta^^e 
up  above  three  or  four  times  its 
own  weight,  while  a  small  Oiie  will 
often  take  up  more  than  ten  times 
its  weight.    A  magnet  worn  by  Sir 
Isaac  Newton  in  a  ring,  and  which 
weighed  only  3  grdins,  would  take 
up  746  grams,  or  almost  2iJ0  times 
its  own   weight.     A  magnetic   bar 
made    by     Mr.    Canton,    weighed 
10  oz.  12  dwts.  look   up  more  than 
79  ounces;    and  a  flat  semicircular 
sieel  magnet  weighed  1  oz   13  dwts. 
took  up  an  iron  wedge  of  90  ounces. 
Armed  Magket,  denotes  one  thai 
is  cuppt-d,  cased,  or  set  ia  iron,  or 
2S9 


steel,  to  make  it  take  op  a  greater 
weight,  and  also  more  readily  to 
distinguish  its  poles. 

Arti^ciai  Maonctj  is  a  bar  of 
iron   or    steel    impregnated    with 
magnetism,  and  possessing  all  the 
properties   of   the   magnet   itself, 
and  commonly  in  a  much  higher 
degree.  There  ar,e  various  methods 
of  communicating  the  power  of  a 
magnet  to   bars  of  iron  and  steel, 
whereby  these  last  become  them-' 
selves   magnets,   and    capable   of 
again  transmitting  their  power  to 
others,  and  so  on.    There  are  also 
several  ways  of  making  artificial 
magnets  without  the  assistance  of 
any  magnet  whatever.    One  is  a» 
follows  :  Procure  a  dozen  bars,  six 
of  soft  steel  and  siX'  of  hard  ;  the 
former   to   be   each   three  inches 
long,  quarter  of  an  inch  broad,  and 
the  twentieth  of  an  inch  thick,  with 
two  pieces  of  iron,  each  half  the 
length  of  one  of  the  bars,   hut  of 
the  same  breadth  and   thickness, 
and  the  six  hard  bars  to  be  each 
5^  inches  long,  luilf  an  inch  broad, 
and   three-tweiiiieilis   of  an   inch 
thick,  with  two  ))ieces  of  iron  half 
the  length,  but  the  whole  breadth 
and  thickness  of  one  of  the   hard 
bars;    and    let   all    the    bars    be 
marked  with  a  line  quite  around 
them  at  one  end.  Then  take  up  an 
iron  poker  and  tongs,  or  two  bars 
of  iron,  the  larger  they  are,  and 
the  longer  they  have  been  used, 
tli«   better ;  and  fixing  the  poker 
upright  ^between  the  knees,   hold 
to  it,  near  the  top,  one  of  the  soft 
bars,  having  its  marked  end  down, 
wards  by  a  piece  of  sewing  silk, 
which  must  be  pulled  tight  by  the 
left  hand  that  the   bar  may  not 
slide;  then  grasping  the  tongs  with 
the  right  hand  a  little  Jbelow  the 
middle,  and  holding  them  lieariy 
in  a  vertical  position,  let  the  bar 
be  stroked  by  the  lower  end  from 
the  bottom  to  the  top,  about  ten 
times   on    each  side,   which  will 
give  it  a  magnetic  power  sufficient 
to  lift  a  small  key  at  the  marked 
enu,  which  end,  if  the  bar  were 
suspended  on  a  point,  would  turn 
towards  the  north,  and  is  therefor* 
called  the  nortlvpoie;  and  the  nn 
marked  end  is  for  the  same  reason 
called  the  soutVv  >^qV«  v  iwsx  ^A  >iafc 
sofi  bar*  W\u^  \vcvpt«^Ti»XA^  -aSxtv 
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>a11el  to  each  other,  at 
of  an  inch  distairce,  between  the 
two  piebes  of  iron  holding  them, 
a  north  and  south  pole  against 
each  piece  of  iron :  tnen  iake  two 
of  the  foar  bars  already  made 
magnetical,  and  place  them  toge- 
ther so  as  to  make  a  dooble  bar  in 
thickness,  the  north  pole  of  one 
even  with  the  south  pole  of  the 
other;  and  the  remaining  two 
being  pnt  to  these,  one  on  each 
side,  so  as  to  have  two  north  and 
two  south  poles  together,  separate 
the  oorth  from  the  sonth  poles  at 
one  end  by  a  large  pin,  and  place 
them  perpendicularly  with  that 
end  downwards  on  the  middle  of 
one  of  the  parallel  bars,  the  two 
north  poles  towards  its  south  end, 
and  the  two  south  poles  towards 
its  north  end  ;  slide  them  three  or 
four  times  backward  and  forward 
the  whole  length  of  the  bar ;  then 
removing  them  from  the  middle 
of  this  bar,  place  them  on  the  mid- 
dle of  the  other  bar  as  before  di- 
rected, and  go  over  that  in  the 
same  manner  |  then  turn  both  the 
bars  the  other  side  upwards,  and 
repeat  the  former  operation  ;  this 
Leing  done,  take  the  twb  from  be- 
twecMi  the  pieces  of  iron,  and 
placing  the  two  outermost  of  the 
touching  bars  in  their  stead,  let 
the  other  two  be  the  outermost  of 
the  four  to  touch  these  with  ;  and 
this  process  being  repeated  till 
each  pair  of  bars  have  been  touch- 
ed three  or  four  times  over,  which 
will  give  them  a  considerable  mag- 
netic power.  Put  the  half  dozen 
together  after  the  manner  of  the 
four,  and  touch  them  with  two 
pair  of  the  hard  bars  placed  be- 
tween their  irons,  at  the  distance 
of  about  half  an  inch  from  each 
ether  ;  then  lay  the  soft  bars  aside, 
and  with  the  foar  hard  ones  let 
the  other  two  be  impregnated ; 
holding  the  touching  bars  apart  at 
the  lower  end  near  two-tenths  of 
an  inch ;  to  which  distance  let 
them  be  separated  after  they 
are  set  on  the  parallel  bar,  and 
brought  together  again  before  they 
are  taken  off',  this  being  observed, 
proceed  according  to  the  method 
described  above,  till  each  pair  has 
been  tQUched  two  or  three  lime& 


a  quarter^  qnite  so 
virtue  as 


much  of  •  the  magnetic 
it  will  receive,  let  each 
pair  be  now  touched  once  or  twice 
over,  in  their  parallel  position* 
between  the  irons,  with  two  of 
the  bars  held  horizontally,  or 
nearly  so,  by  drawing  at  the  same 
time  tlie  north  end  of  one  from 
the  middle  over  the  south  ead« 
and  the  south  of  the  other  from 
the  middle  over  the  north  end  of 
a  parallel  bar;  then  bringing  thiem 
to  the  middle  again  without  touch- 
ing the  parallel  bar,  give  three  or 
four  of  these  horizontal  strokes  to 
each  side.  The  horizontal  touch, 
after  the  vertical,  will  make  the 
bars  as  strong  as  they  possibly  can 
be  made,  as  appears  by  their  not 
receiving  any  additional  strength, 
when  the  vertical  touch  is  given 
by  a  great  number  of  barq,  atid. 
the  horizontal  by  those  of  a  supe- 
rior magnetic  power. 

MAGNETISM,  that  quality  or 
constitution  of  a  body  whereby  it 
is  rendered  magnetical. 

Magnetism  of  the  Earth,  is  that 
property  of  the  terrestrial  globe, 
from  which  the  magnetism  of  the 
ordinary  magnets,  the  direction  of 
the  magnetic  needle,  and  other 
phenomena  are  derived ;  and  upon 
which  they  necessarily  depend. 
This  is  obvious,  since  almost  all 
the  phenomena,  which  may  be 
exhibited  with  a  usual  magnet, 
may  be  also  exhibited  with  the 
earth,  as  far  as  it  can  be  tried. 
Tlie  phenomena  of  the  compass 
and  the  dipping-needle  in  different 
parts  of  the  world,  and  the  mag. 
netism  naturally  acquired  by  soft 
iron,  when  properly  situated,  are 
exactly  imitated  with  a  common 
magnet,  or  a  terella,  or  globular 
n^^gnet ;  the  only  deviation  being 
that  which  relates  to  the  magnetic 
attraction  of  iron,  which^  if  it 
exists,  is  not  perceptible  in  the 
earth.  If  the  earth  attracted  iron 
in  consequence  of  its  magnetism, 
the  action  of  gravity  still  having 
its  independent  effect,  iron  would 
be  more  accelerated  in  its  fall 
than  any  other  substance,  and  the 
weight  of  it  would  be  greater  as  it 
approached  towards  the  magnetic 
poles  ;  but  neither  of  Uiese  circum- 
stances  has   yet   been   shown  to 


esva 
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the  earth  differs  from  the  common 
magnet,  evea  in  this  particular ; 
for  it'  such  anomaly  did  attain  with 
regard  to  iron  bodies,  it  is  reason- 
able to  suppose  that  it  must  exist 
in  a  very  small  degree,  which  it 
woald  be  extremely  difficalt'to 
detect  by  any  experiment  that  is 
within  our  power  to  perform. 

Laws  of  Magnetism  are  certain 
results,  which,  from  numerous 
and  accurate  experiments,  are 
found  to  obtain  in  all  natural  and 
artificial  magnets  ;  the  principal 
of  which  are  briefly  stated  under 
Phenomena  of  the  Magnet. 

MAGNIFYING,  is  used  to  denote 
the  apparent  enlargement  of  an 
object,  by  means  ot'  a  convex  lens, 
or  some  other  optical  instrument, 
particularly  the  microscope.  See 
Lenst  Microscope^  Telescope,  &c. 

Magnifying  Glass,  is  a  popular 
term  for  any  convex  glass  or  lens 
which  has  the  property  of  mag- 
nifying. 

AAGNITUDE,  is  used  to  denote 
the  extension  of  any  thing,  whe- 
ther it  be  in  one  direction,  as  a 
line;  in  two  directions,  as  a  sur- 
face ;  or  in  three  directions,  which 
constitute  a  body  (or  solid. 

Geometrical  Magnitudes,  may 
be  conceived  to  be  generated  by 
motion,  as  a  line  by  the  motion  of 
a  point,  a  surface  by  the  motion  of 
a  line,  and  a  solid  by  the  motion 
,of  a  surface. 

Apparent  Magnitude  of  ai>ody, 
is  that  which  is  measured  by  the 
angle  which  that  body  subtends  at 
the  eye;  at  least  this  is  what  is 
always  to  be  understood  by  this 
expression  in  the  science  of  optics, 
though  in  reality  the  apparent 
magnitude  depends  not  only  on 
the  visual  angle,  but  also  npon  the 
supposed  distance  of  the  object  we 
are  viewing. 

The  mind  judges  of  the  magni- 
tude of  distant  objects  on  two 
principles ;  viz.  with  reference  to 
the  optic  angle,  and  the  distance 
of  the  object  from  the  eye,  the 
latter  arising  out  of  our  experience, 
which  shows  that  distance  dimi- 
nishes that  angle ;  and  therefore, 
without  being  aware  of'the  deduc- 
tion, we  always  make  a  certain 
compensation  agreeably  to  the 
supposed  distance.  Jf  we  see  a 
i9i 


man,  or  any  other  known  object, 
at  a  distance,  it  co^iveys  to  our 
mind  the  idea  of  a  certain  magui« 
tude,  which  we  attribute'  to  it  en* 
tirely  independent  uf  the  angle 
which  it  subtends  ;  but  if  the  ob- 
ject is  anknown,  then  both  the  dis- 
tance and  the  angle  are  consid<;red 
in  forming  an  idea  of  its  magni- 
tude; it  is  thus  that  we  sonietimei« 
deceive  ourselves  with  regard  to 
the  size  of  an  object  if  we  are  mis- 
taken as  to  its  distance ;  thus  a 
small  bird  <m  the  branch  of  a  tree 
may  appear  to  be  a  larger  bird  at 
a  greater  distance,  or  the  contrary ; 
thus  also  a  fly  imperfectly  seen  in 
the  corner  oi  a  window  may  have 
the  appearance  of  a  crow  flying  in 
the  open  air  ;=  these  are  illusions 
which  commonly  happen,  and 
which  most  persons  will  recollect 
to  have  experienced  at  one  time 
or  other. 

It  is  on  this  principle  that  some 
writers  have  accounted  fur  the 
different  apparent  magnitudes  of 
the  sun  and  moon,  and  the  appa-  . 
rent  distance  of  two  or  more  known 
stars,  when  seen  near  the  horizon  ; 
and  when  they  have  a  greater  an- 
gle of  elevation.  When  we  see  thu 
moon,  for  example,  at  a  consider- 
able elevation,  there  being  no  in- 
tervening objects  between  that 
luminary  and  the  eye  wherewith 
to. make  a  comparison  of  its  dis- 
tance, we  intuitively  suppose  it 
nearer  than  when  we  observe  it 
in  the  horizon ;  because  there  are 
then  numerous  objects,  many  of 
them  at  great  distances,  and  the 
moon  being  evidently  beyond  them 
all,  we  thence  suppose  its  distance 
greater  than  in  the  former  case, 
and  the  optic  angle  being  still 
nearly  the  same,  we  attribute  to  it 
a  greater  magnitude,  in  the  hori- 
zon than  in  the  zenith,  because 
we  suppose  its  distance  then  to  be 
the  greatest:  hence  also  the  ap- 
parent figure  of  tlie  heavens,  which 
instead  of  having  the  form  of  a 
perfect  concave  hemisphere,  the 
eye  being  in  the  centre,  it  has 
always  the  appearance  of  being 
considerably  flattened  in  the  upper 
part,  or  being  a  segment  consider- 
ably less  than  a  hemisphere.  This, 
however,  is  a  8uhiec\\.Vv«x>a»a>xvvJvO!v 
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injK  and  savage  lifc«  and  general 
4aws,  or  conventions,  were  estab- 
iisiied  for  its  maintenance  ;  when 
4i>y  common  content  it  was  agreed 
.that  every  individual  shoold  pro- 
vide for  his  own  snbsistence.with- 
,out  seiEing  what  was  in  the  pos- 
session of  another ;  necessity  and 
self-preservation,  the  two  great 
springs  to  physical  exertion,  first 
gave  ri^e  to  the  most  useful  arts, 
^uts  were  bnill;  iron  was  forged  ; 
the  lands  were  divided ;  and  the 
.courses  of  the  stars  were  observed. 
With  regard  to  the  last,  it  would 
«eem  at  £rst  sight  to  have  been 
.a  sort  of  amusement,  and  not  in 
any  degree  connected  with  the 
^economy  of  society  ;  but  upon  a 
jfiearer  and  more  accurate  view  it 
.will  appear  no  less  useful  than 
^either  of  the  former.  It  was  seen 
(that  the  earth  yielded  sponta- 
neously many  of  the  most  common 
X)f  its  productions,  and  with  which 
anan  m  his  savage  state  was  en- 
abled,or  rather  under  the  necessity 
,of  subsisting  ;  but  it  was  soon  dis- 
.covered  that  there  were  otiiers  of 
ifar  greater  utiliiy,  which  required 
labour  and  cultivation  to  bring  to 
perfection,  and  that  it  was  neces- 
sary to  regulate  this  by  the  proper 
■Seasons  of  the  year ;  thus  the 
ground  was  sown,  the  harvest  was 
reaped,  and  the  fruits  of  the  year 
were  preserve^,  till  the  bounty  of 
.nature  furnished  a, farther  supply. 
All  these  observations  and  per- 
(formances,  at  first  extremely  rude 
^nd  unskilful,  were  connected 
with  mathematics  by  a  secret  tie, 
Ahough  for  a  long  time  they  had 
/no  other  guide  than  experience 
And  blind  custom.  The  assiduous 
labour  required  in  linnting  or  fish- 
ing, and  the  other  business  of  the 
;field,  did  not  allow  ni^n  to  ascend 
to  general  and  abstruse  ideas,  but 
confined  the  limits  of  their 
thoughts  and  actions  to  those  of 
;tUeir  physical  wants.  At  length 
perliaps  arose  a  commanding  ge- 
jtius,  wlio,  collecting  together  the 
Iradiiionary  knowledge,  observa- 
tions, and  remarks  of  his  predeces- 
*<>r8,  formed  them  from  the  pure 
.rH'urts  of  his  own  genius,  into  a 
^ade  system,  sufficient  at  least  to 
»ll(tw  his  fellows,  that  man  was  a 
bviug  forni^d  tP  Wd  a  tn^icVi taote 
S9^ 


elevate4  rank  ia  the  scale. of  creflf* 
tion  than  had  been  before  ima- 
gined'* It  waa  then  that,  man  be- 
held with  new  eyes  the  magnifi- 
cent spectacle  which  nature  ex^ 
hibited  on  ai)  sides  to  his  senses 
and  imagination ;  he  learned  to 
examine  things,  and  to^  compare 
them  with  each  other;  ideas  ac« 
quired  from  physical  objects  were 
transported  as  it  were  into  an  in" 
tellectnal  world  ;  the  phenomena^ 
of  nature  were  studied  with  dis- 
criminating  attention,  and  the 
mind  was  impressed  with  a  desire 
to  know  the  causes  by  which  tiiey 
were  produced.  Gaometry,  con 
fined  ai  first  to  the  art  of  measur- 
ing the  fields,  was  extended  to 
other  purposes,  and  gave  rise  to 
loftier  and  more  ditficult  problems. 
Astronomy  was  enriched  by  regu- 
lar observations,  and  by  several 
instruments  adapted  to  increase 
their  number,  and  to  give  thengi 
the  requisite  degree  of  accuiracy 
and  connection.  Machines  were 
invented,  in  which  a  skilful  com- 
bination of  tlie  several  powers  of 
wheels  and  levers  was  employed 
for  transporting  the  heaviest  loads: 
in  a  word,  all  the  parts  of  mathe- 
matics successively  advanced ;  and 
their  progress  would  in  ail  proba- 
bility have  been  more  rapid  and 
considerable  had  nut  fanutici.sm 
and  ambition  too  frequently  ol>- 
scured  the  flame  of  genius  for  a 
long  scries  of  agos ;  but,  as  a  fire 
concealed  beneath  the  embers,  it 
resumed  its  lustre  in  happier  times, 
and  burst  forth  with  that  flood  of 
light  which  now  illuminates  so 
great   a  portion  of  the  earth. 

MATTER,  in  Philowphy,  is  un- 
derstood to  signify  whatever  is  ex- 
tended and  capable  of  making  re- 
sistance ;  hence,  because  all  bo- 
dies, whether  solid  or  fluid,  arc 
extended,  and  do  resist,  we  con- 
clude that  they  are  made  up  of 
matter.  That  matter  is  one  and 
the  same  thing  in  all  bodies,  and 
that  all  the  variety  we  observe 
arises  from  the  various  form.s  and 
shapes  it  puts  on^  seems  very  pro- 
bable, and  may  be  concluded  front, 
a  general  observation  of  the  pro- 
cedure of  nature  in  the  generation 
and  destruction  of  bodies.  Thus^ 
\tQt    \\\%\.?LTic.«,  vi«.t.er   r^ri^ed    )>y 
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heat  ^eomet  Tapoar^  a  ceat  col* 
lection  of  which  forms  cloods; 
these  condensed,  descend  in  the 
form  of  hail  or  rain  ;  part  of  this 
collected  on  the  earth  constitutes 
i-ivers ;  another  part  mixing  with 
the  earth  enters  Into  the  roots  of 
plants,  and  supplies  matter  to,  and 
expands  itself  into  various  species 
of  vegetables.  In  each  vegetable 
■it  appears  in  one  shape  i^  the 
root,  another  in  the  stalk,  a  third 
in  the  iSowers,  and  so  on.  Thus, 
from  hemp  and  flax  we  have 
thread;  thence,  our  various  kinds 
of  linen  ;  these  degenerate  into 
rags,  which  receive  from  the  mill 
■the  various  forms  of  paper,  tec. 

iDr.  Berkeley  argues  against  the 
existence  of  matter,  and  endea> 
vonrs  to  prove  that  it  is  a  mere 
■ens  ratfonUp  and  has  no  existence 
out  of  mind.  Dr.  Priestley  maintains 
.that  matter  is  not  that  inert  sub- 
stance that  it  has  been  suppose^  to 
Jbe ;  that  powers  of  attraction  or 
repulsion  are  necessary.to  its  very 
■being,  and  that  no  part  of  it  ap- 
pears to  be  impenetrable  to  other 
parts.  Accordingly  he  defines 
matter  to  be  a  substance,  posseted 
of  the  property  of  extension  'and 
of  powers  of  attraction  or  repal- 
aion,  which  are  not  distinct  from 
natter  and  foreign  to  it,  as  it  has 
been  generally  imagined,  but  abso- 
lutely essential  to  its  very  nature 
and  being ;  so  that  when  bodies  are 
divested  of  these  powers  they  be- 
come nothinti^  at  all.  In  another 
^  place.  Dr.  Priestley  has  given,  a 
aomewhat  different  ac€K>untafmaU 
ter ;  according  to  which  it  is  only 
a  number  of  centres  of  attractipn. 
and  repulsion  ;  or,  more  properly, 
of  centres  iv>t  divisible,  to  which 
divine  agency  is  directed;  and  as 
sensation  and  thought  are  not  in- 
compatible with  these  powers,  soli- 
dity or  impenetrability,  and  conse- 
quently a  vis  inertUe  only  having 
been  thought  repugnant  to  them, 
he  maintains  that  we  have  no  rea- 
son to  suppose  that  there  are  in 
roan  two  substances  absolutely  dis- 
tinct from  each  other.  But  Dr. 
Price  suggested  a  variety  of  objec- 
tions against  this  hypothesis  of  the 
penetrability  of  matter,  and  against 
'the  conclusions  that  are  drawn 
Aum  it.  The  vis  itiutitB.of  loaUor. 


he  says,  it  the  foondatton  of  all 
that  is  demonstrated  by  natural 
philosophy  concerning  the  laws  of 
the  collision  of  bodies.    This,  in 

Sarticular,  is  the  foundation  of 
[ewton's  philosophy,  and  especial- 
ly of,  his  three  laws  of  motion. 
Solid  matter  has  the  power  of  act*, 
ing  on  other  matter  by  impulse ; 
but  nnsolid  matter  cannot  act  at 
all  by  impulfte;  and  this  ia  the  only 
way  in  'which  it  is  capable  of  act- 
ing, by.  any  action  that  is  properly 
its  own.  If  it  be  said  that  one  par- 
ticle of  matter  can  act  apon  an- 
other without  contact  and  impulse^ 
or  that  matter  can,  by  its^own  pro- 
per agency.,  attract  or  repel  other 
matter  which  is  at  a  distance  from 
it,  then  a  maxim  hitherto  univer* 
sally  received  must  be  false,  that 
"  nothing  can  act  where  it  is  not." 
Newtqn,  in  his  letters  to  Bentley, 
calls  the  notion,  that  matter  pos- 
sesses an  innate  power  of  attrac- 
tion, or  that  it  can  act  upon  matter 
at  a  distance,  and  attract  and  re> 
pel  by  its  own  agency,  an  absurdi- 
ty into  which  he  thought  no  one 
could  possibly  fall.  And  in  another 
place  he  expressly  disclaims  the 
notion  of  innate  gravity,  and  has 
taken  pains  to  show  that  he  did 
not  take  it  to  be  an  essential  iiro* 
perty  of  bodies.  By  the  same  kind 
of  reasoning  pursued,  it  must  ap- 
pear that  matter  has  not  the  power 
of  attracting  .  and  repelling ;  that 
this  power  ia  the  power  of  some  fo- 
reign cause,  acting  n'pon  matter 
according  to.  stated  laws;  and 
consequently  that  attraction  and 
repulsion  not  being  actions,  much 
less  inherent  qualities. of  matter, 
as  such,  it  ought  not  to  be  defined 
by  them.  And  if  matter  has  no 
other  property,  as  Dr.  Priestley 
asserts,  than  the  power  of  attract- 
ing and  repelling,  it  must  be  a  non- 
entity ;  because  this  is  a  property 
that  cannot  belong  to  it.  Besides, 
all  power  is.  the  power  «of  some- 
thing ;  and  yet  if  matter  is  nothing, 
the  very  id«a  of  it  is  a  oontradie- 
tion.  If  matter  be  not  solid  ex- 
tension, what  can  it  be  more  thaa 
mere  extension  t  Further,  matter 
that  is  not  soUd,  is  the  same  with 
pore  ;  and  therefore  it  cannot  pos- 
sess what  philosophers  mean   by 
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which  is  ftlways  in  proportion  to  the 
quantity  •(*  matter  in  bodies,  void 
of  pore.    Sir  R.  Pliiilips  coiisitiers 
the  test  of  matter  to  be  the  exhi- 
bition of  power  when  moved  ;  the 
gaseous  form  as  its  general  charac- 
ter;  and  the  solid  as  an  accident, 
or  condensation  of  gaseous  atoms. 
The  entire  extension  of  space  is 
filled,  he  remarks,  vriih  gas,  and 
only  relative  points  with  solidity. 
Admitting  of  no  attractive  princi- 
ple, he   conceives    that   primary 
atoms  have  plain  or  fitting  surfaces, 
and  that  there  are  three  vai'ieties, 
cubes,    tetrahedrons,  and   prisms, 
which,  in  the  gaseous  form,  con- 
stitute the  three  primary  gases,  as 
oxj'gen,  nitrogen,  and  hydrogen ; 
their    condensntion   and    primary 
conibinations  forming   solids  and 
other  gases.     To  these  he  also  re* 
fers  the  three  colours,  three  tones, 
and  the  two  electricities  and  mag- 
netism.   Motion  being  essentially 
combined  with  gas,  and  gas  exist* 
ing  every  where,  we  have,  in  con- 
sequence, motion  and  power  every 
where,    and  hence  the   universal 
energy  of  nature.   No  motion,  says 
he,  is  lost,  because  action   and  re- 
action are  equal ;  and   every  ac- 
tion or  motion  of  one  body  is  there- 
fore  only   transferred   to  another 
body,   action  being  the  communi- 
cation of  motion,  and  re-action  the 
reception  of  it.    Thus,  when  gases 
are  lixed  in  solids,  extrH>motion, 
called   heat,  is  transferred  to  ad- 
joining gas    and  dill'nsed  around; 
and  when  solids  are  converted  in- 
to gas,  extra  motion  or  heat  is  ab- 
sorbed, or  transferred  to  atoms  of 
the    solid  which  become  gaseous. 
And    in    the  motion  of  solids,  as 
when  a  large  body  at  the   short 
arm  of  a  solid  lever  moves  a  small 
one  on  the  long  arm,  the  greater 
motion  of  the  small   body  serves 
merely  to   transfer   its  motion  to 
more    of   tiie    atoms    of  the   gas 
through  which  it  moves.    So  also 
in  a  (gaseous  lever,  as  in  the  earth 
and  moon,  whose    action  and  re- 
action   are  equalized    by  motion, 
the   moon,   in    this  case,   moving 
through  more  gas,  and  to  it  trans- 
ferring its  exce.ss  of  velocity, 

MAXIMA  et  MINIMA,  in  Analy- 
sis and  Geometry,  are  the  greatest 


ty,  and  tlie  method  of  finding  these 
great<^st  and  least  values,  is  ealted 
the  IdethoHus  de  MaximU  et  Mini- 
mis; which  forms  one  of  the  most 
interesting  inquiries  in  the  modern 
analysis.  This  subject  was  consi- 
dered geometrically  by  some  of 
the  most  ancient  mathematicians, 
particularly  by  Apollonius,  in  the 
5th  book  of  his  Conies  ;  and  there 
are  still  a  few  problems  of  this 
kind,  which  succeed  better  by 
the  geometrical  than  by  the  ana- 
lytical method  ;  their  number, 
however,  are  very  limited  com- 
pared with  those  which  may  be 
elegantly  performed  by  analysis. 

The  method  o(  maxima  et  mini- 
ma, according  to  the  analj'tical 
doctrine,  first  arose  at  the  be;: in- 
ning of  the  seventeenth  century, 
after  the  invention  of  Des  Carles 
for  expressing  the  properties  of 
curve  lines  by  means  oi  algebrai- 
cal equations,  and  classin;;  them 
into  different  cirders,  according  to 
the  degree  of  the  equation  which 
expressed  the  relation  between  the 
absciss  and  ordinate*  Besides  the 
method  of  Des  Cartes,  we  have  al- 
so those  of  Fermat,  Hudde,  Huy- 
gens,  Sluze,  and  some  others. 

Fermat*s  Method, — ^The  principle 
upon  which  Fermat  formed  his 
operation  consisted  in  this;  that 
when  the  ordinate  of  a  curve  was 
the  greatest  possible,  if  we  aug- 
mented the  variable  quantity  x 
(which  represents  the  absciss^  by 
an  indefinitely  small  quantity  e, 
the  ordinate  corresponding  to  this 
absciss  will  be  equal  to  the  former, 
or  will  approach  towards  equality 
indefinitely  near;  or,  which  is  the 
same,  the  increase  or  decrease  of 
an  ordinate  when  it  approaches  in- 
definitely near  its  maximum  or 
minimum  is  nothing  ;  and  there- 
fore these  two  ordinates  may  b» 
considered  as  equal,  whence  an 
equation  is  obtained,  from  which 
cancelling  the  like  quantities  and 
all  those  powers  of  e  beyond  the 
first,  because  they  are  indefinitely 
small  with  regard  to  the  others, 
and  diA'iding  the  other  terms  by  e 
the  value  of  x  will  be  obtained; 
that  renders  the  function  a  maxi- 
mum or  a  minimum. 

For  example :  required  the  va- 


a/idieasfvaloe  of  a  variable  <^uau\i-\\u«  ul  x  'va\3cve  c<v!^ation  ySsK#x« 
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— «^,  which   nndtn  Ike  vkMe 
fcnclion  a  ni«iiinain. 


■  bOTS  the  Drsli  whence 

Du  VarUft  AfrUvd.— TEk  can- 
^led  In  ...kini  i««  nf  th< 
ortlieeaDiitiDneaiiiil  IahcIi 
in  wlllch  cut  two  of  the  orri 


fullovliB  rulr,  vli,  Huklpjy  « 
lerm  of  Ae  eqo.ijon,  urnnflsl 


regiilred. 
tei  D(  ukg    for   eismpi*  the 


Porciampleg  Teqnired  (be 


"iSxt- 


3X'-S„*<  = 

llS^SBlfl, 

i'. 

«  abave 

»«*r'?« 

poUf  ""'*■''" 

"»+ 

IV.ai" 

Ihis 

i*  — o 

'+(»'-*»»+*') 

=• 

•lir 

=i- 

e.  tliomh  ..o 

^K 

""^"X 

•l».  Sill' 

SUT""'"*' 

iE,:^f 

°"M^it'"ly"e 

«"'" 

f"i« 

cpLihatwe  divide  by  «  inuead 

FiuilMul,   w  DfferaMtl  Me. 
Mod.— 1.  The  Huxluii  of  M  qunliiy 

mum,  ia  equal  lud.  Thi>l>i>liviou, 
brcaau  at  (hatjuint  It  ■dniittTr 
fa  quaniltjF  be  a 'natimnn 

_  _  iiaxlmam  or  minlmun.     For 

will  'K™r<,™^«'™"'' 
ai  the  qnantl^  iiaelf  IncreaK*  gir 
I'crwiM,  »»rnD  longer.         \ 

u«Sly  whleU  °.  ■"nfui'JIS 

or  a  ininlinam.      For  Uie 
He,  or  pan  of  a  qnulily  will 


«.  The   flnilon    of    a  eonilanl 


I.  To  divide  a  (Ivm  nnmber  (■) 

iitn  two  inch  paiti  *,  and  Ihatc^ 

i..*inluiu,t6e(luiionoteach  =  £ 
hr-  former  beraaie  it  1.  can>u.iii,  . 
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And  lubstitutiug  this  iii  the  second 

gives 

fujftt  xm — ig  —  fixiii  y«  — 1 X  =  0,  or 
fng^x-* — »    =yM;"*yn — *,  or 
mg    » fify  whence 
n 

Consequently  x-\'  ■-  x  =.a,ot 

fit 

nut  ,  na 

ftndy  = 


«  = 


m-f-n  ' 


m-^n 


If  m  =  M,  then  the  two  parts  are 
equal. 

Hence  to  divide  a  quantity  (a) 
into  three  parts,  ar,  y,  «,  so  that 
xy  «  may  be  a  maximum ;  the  three 
parts  must  be  all  equal. 

2.  To  divide  a  given  number  (a) 
into  two  such  parts,  x  and  y,  that 
the  sum  of  their  alternate  quotients 
may  be  a  maximum. 

Here  we  must  have  x  4*  y  =  <>* 

and-  +  2.  =  a 

y      X 

maximum. 

Now  since  the  first  is  constant, 

and  the  latter   a  maximum,  we 

have  X  =  —  y,  and 

y*  a" 

Or  substituting  for  x,  it*  eqoal 


—  y,  this  becomes 

_  yy-\-xy    xy4-yy_ 


+ 


j?y  -f  yy 

X* 


yy  ■\-xy 


0,  or 


Whence  we  have  •-  =  — »  or  «« 

=1  afl,  or  X  =  y ;  that  is,  each  of 
the  required  quantities  is  equal  to 
i  a. 

In  these  two  problems  the  resultr 
ing  equations  are  only  of  the  lirst 
degree,  and  consequently  admit  of 
only  one  solution  ;  but  it  may  hap- 
pen that  the  resulting  equatioa  is 
of  higher  dimensions,  and  there- 
fore contain  several  roots,  and  it 
then   becomes  necessary  to   have 
some     means     of     distinguishing 
which  of  those    roots    give    the 
greatest,  and  which  the  least  re- 
8uU;  and  for  this  Lacrolx  gives 
the  following  general  rule. 
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Rule,  Let  y  represent  any  fane- 
tiun  of  xj  find  the  value  of  x  ia 


the 


equation  7*  > 

X 


0,  which  value 


substitute  for  x  in  the  equation  ^ 

=  0;  then  if  the  result  be  nega- 
tive, y  is  a  maximum;  if  positive, 
a  minimum ;  and  if  zero,  neither  a 
maximum  nor  a  minimum,  unles» 

also-S  =0,  and  then  it  will  depend 
upon  the  sign  of  SL  and  so  on  ;  ajid 

X* 

the  same  process  being  observed 
with  regard  to  each  of  the  roots  of 
the  lluxional  equation,  the  number 
of  maxima  and  minima  will  be  ob- 
tained. 

Let  us  illustrate  the  preceding 
rule  by  an  example. 

I.  Pmd  y  =  X*  —  8  x«  +  22  a«  — 
24x  -(-  I0»  &  max.  et  min. 


Here?.: 


4x»  —  24x«  +  41x  — 


24^0 

Where  x  =  I,  8,  and  3. 

And  it  is  required  to  find  which 
of  these  roots  answer  to  the  maxi 
ma,  and  which  to  the  minima. 

Now  ^  =  12x«--48x  +  4l. 

And  here  making  x  =  1,  2,  3; 
the  results  are  respectively  -|-,  — , 
-f- ;  therefore  the  root  2  answers  to 
the  maximum,  and  the  other  two 
to  the  minima. 

2.  Let  there  now  be  proposed 
the  function 

y  =  xs  —  7  X*  +  19  x^  --25x«  -f 
10  X  +  10 

Here?.  =  5x*--28x'» +57x«— 

X 

50x+10  =  0 
And  the  roots  of  this  equation 

are  1,  1,  2,  1  1. 

Now  ■?  =  20 xs  —  84  x«  -r  111 X 

X 

—  50 

which  =  6,  when  x  =  1 ;   there- 
\  lot«  \.\i«  Yoo\.\  ^\N  «^YAvv.h.ec  a  ii»aKi> 


M  A  X— *>X  £  A 


mum  nor  a  minimnni,  anlew  *>  =s 

0 ;  which  apon  trial  does  not  ob- 
tain. 

Bat  by  assaming  «  =  2,  m  this 
equation,  the  resalt  is  — 4;  and 
consequently  this  value  of  x  an- 
swers lo  a  maximum. 

And    by  submitting  -the   other 

root  if,  to  the  same  test,  a.  simi* 
lar  result  will  be  obtained. 

We  will  add  another  example, 
with  which  we  must  conclude  this 
article. 

3.  To  find  when  the  function 

y  =  x8  —  I8««  +  96ar  — 80 

becomes  a  maximum  or  a  mini- 

mum. 

•  I 

Here  %>  =S  a«— 36«  +  96  =  0, 

X 

in  which  equation  the  roots  are 
x  =  4,x  =  Q» 


Now  ?>  =r6af  — 36, 

Here  the  root  8  gives  ^  positive, 

X* 

And  the  root  4  gives  ?,  negative. 

Therefore  the  former  answers  to 
the  minimum  and  the  latter  to  the 
maximum. 

If  the  Anxional  equation  has  no 
'  real  root,  then  it  follows  that  the 
proposed  function  admits  of 
neither  a  maximum  nor  a  mini- 
mum ;.  but  increases  or  decreases 
ad  inhnitum. 

MAXIMUM  Effect  of  Maehhue. 
See  Machines. 

MAY,  the  fifth  month  of  the 
year,  consisting  of  31  days. 

M  fiA  N ,  is  a  middle  state  between 
two  extremes  ;  thus  we  say.  Mean 
Distance,  Motion,  Time,  &c. ; 
Arithmetical,  Geometrical,  and 
JSarmonical  Mean, 

Arithmetical  UB.Att,  is  half  the 
sunt  of  any  two  quantities :  thuK, 

.2-^ —  is  arithmetical  mean  be- 

•i 
tween  a  and  b. 

Geometrical  Mxan,  is  the  square 

root  of  the  product  of  any   two 

quantities;  that  is,  mJ  •b  is  the 

geometrical  mean  between  ff  and  ft. 
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HMmnoHieaiUEknf  it  double  a 
fourth  proportional  to  the  sum  of 
two  quantities  and  the  quantitiei 
themselves. 

It  is  obvious,  that  the  arithmetl* 
cal  mean  is  greater  than  the  har- 
monical,  and  the  harmonical 
greater  than  the  geometrical. 

If  inore  than  two  mean  propoi^ 
tionals  are  required  between  two 
quantities,  they  may  be  found 
analytically  as  follows :  vix.  a  and 
6  betiig  the  two  quantities,  we  shall 
have. 

1  mean  y/  ab, 

2  means  ^0^6,  ^0  63, 

3  means  V  ^  ^  V  <****.  V  «*" 

4  means  ^V  «*  *»  *v  a*  ft»,  *V  <**  **» 

9  means  ^V  <5  */*^  a*  fts,  •  V  «*  *". 

&c.  ftc.  ^c. 

MEASURE,  denotes  any  certain 
quantity,  with  which  other  homo- 
geneous quantities  are  compared. 

Geometrical  Mxasuris  are  of 
difi'ercnt  kinds,  as  iine»,  (straight 
and  curved,)  sujfaces,  capacities, 
and  angles. 

Measure  of  an  Angle,  is  the 
number  of  degrees,  minutes,  &c. 
contained  in  the  arc  of  a  circle 
comprised  between  the  two  lines 
forming  that  angle,  its  angular 
point  being  the  centre. 

Arithntetical  Mbasu  res,  are  com- 
monly used  to  denote  numbers 
which  divide  other  numbers  with- 
out remainder.  When  a  number 
measures  two  or  more  numbers,  it 
is  called  a  common  measure. 

Mluso  RE  of  a  Line,  h  i^  length 
compared  with  some  determinate 
line  ;  as  a  fool,  yard,  &c. 

Measore  of  a  Surjaca,  4s  the 
number  of  square  units  contamed 
in  it,  whether  that  unit  bo  a  foot, 
a  yard,  mile,  or  other  quantity. 

Measure  of  a  Solid,  is  th^  nuii»> 
ber  of  cubic  uniu  conuined  in  It ; 
as  inches,  feet,  miles,  &c. 

Measure  of  a  Number,  is  snch  a 
number  as  will  divide  another 
number  without  a  remainder. 

Measure  of  a  Batiaj  is  iu  loga^ 
riti.m  in  any  sysi  em  of  logarithm ; 
thns,  the  measure  of  the  ratio  % :  3, 
or  §,  is  the  logarithtp  of  |.  or  the 
log.  of  t  minus  the  log.  of  3. 

MEASVRf,  inlfedUwIcfi^a'aM!^ 
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of  th^  ^uiss,  tMHttntum,  velocity, 
&c. :  lor  which  see  Uie  respective 

articles. 

Mkasurbs,  in  Commerce,  are  of 
various  deuominations,  acc^>rding 
to  the  nature  of  the  things  oi 
>i^hich  the  quantity  is  to  be  deter- 
mined. 

MECHANICS,  that  braiuih  of 
praciical  niatheraatics  which  con* 
siders  motion  and  moving  powers, 
their  nature,  law,  efl'ecis,  &c.  This 
term,  in  a  popular  sense,  is  applied 
equally  to  the  doctrine  of  the  equi- 
librium of  powers,  more  properly 
called  statics,  and  to  that  science 
which  treats  of  the  generation  and 
coinmnnicaiion  of  motion,  which 
constitutes  dynamics,  or  mechanics, 
strictly  so  called. 

This  science  is  divided  into  prac- 
tical and  rational  mechanics,  the 
former  of  which  relates  to  the  me- 
chanical powers;  fl«.  the  lever, 
balance,  wheel  and  axis,  pulley. 
Wedge,  screw,  inclined  plane,  and 
funicular  machine  :  and  the  latter, 
to  the  theory  of  motion ;  show- 
ing wiien  the  forces  or  powers  are 
given,  how  to  determine  the  mo- 
tion that  will  result  from  them  ; 
and  conversely,  when  the  circum- 
stances of  tiie*  motibn  are  given, 
how  to  trace  the  forces  or  powers 
from  which  they  arise. 

The  practical  uses  of  the  several 
mechanical  powers  were  undoubt- 
edly known  to  the  ancients,  but 
they  were  almost  wholly  unac- 
quainted with  the  theoretical  prin* 
ciples.  Yitruvius,  in  Ins  tenth 
book,  enumerates  several  ingeni- 
ous machines,  which  had  then 
been  in  use  from  time  immemo 
rial.  We  find,  that  for  raising  or 
transporting  heavy  bodies,  they 
employed  most  of  the  means  which 
are  at  present  commonly  used  for 
that  purpose,  such  as  the  crane, 
theinchned  plane,  the  pulley,  &c. ; 
but  with  the  theory  or  true  princi- 
ples of  equilibrium,  ihey  seem  to 
have  been  unacquainted  till  the 
lime  of  Archimedes.  This  cele- 
brated mathematician,  in  his  book 
of  *•  Equiponderants,"  considers  a 
balance  supported  on  a  fulcrum, 
and  having  a  weight  in  each  scale ; 
and  taking,  as  a  fundamental  prin- 
c/p/e,  Uiat  when  the  two  anna  o< 

the  balance  afe  equkl,  the  xvio\o\\i«x  <v^«%^^xv%  ^\v%^«^^vc&^%xA^3^ 
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weights  supposed  to  be  in  eaoiH^ 
brio  are  alsbbf  necessity  equal,  hh 
shows,  that  if  one  of  tiie  arms  be 
increased,  the  weight  applied  to  it 
must  be  proportionally  diminished. 
Hence  lie  deduces  the  general 
conclusion,  that  two  weights  sas- 
pended  to  the  arms  of  a  balance 
of  unequal  length,  and  remaining 
in  equilibrio,  must  be  reciprocally 
propoitional  to  the  arms  of  the 
balance;  and  this  is  the  first  trace 
any  where  to  be  met  with,  of  any 
theoretical  investigation  of  mev 
chanical  science.  Archimedes  al* 
so  farther  observed,  tliat  the  two 
weights  exert  the  same  pressure 
on  the  fulcrum  of  the  balance,  as 
if  they  were  directly  applied  to  \l\ 
and  he  afterwards  extended  the 
same  idea  to  two  other  weights, 
suspended  from  other  .points  of  the 
balance  ;  then  for  two  others,  and 
so  on  ;  and  hence,  step  by  step» 
advanced  towards  the  general  idea 
of  the  centre  of  gravity,  a  point 
which  he  proved  to  belong  to 
every  a^senibiage  of  small  bodies, 
and  consequently  to  every  large 
body,  which  mi(>ht  be  considered 
as  formed  of  such  an  assemblage. 
This  theory  he  applied  to  pariicu* 
lar  cases,  and  determined  the 
situation  of  the  centre  of  gravity 
in  the  parallelogram,  triangle, 
trapezium,  parabola,  parabolic 
trapezium,  &c.  &c.  To  him  we 
are  also  indebted  for  the  theory 
of  the  inclined  plane,  the  pulley 
and  the  screw,  besides  the  inven* 
tion  of  a  multitude  of  compound 
machines  ;  of  which,  however,  he 
has  left  us  no  description,  and 
therefore  little  mote  than  their 
names  remain. 

From  the  time  of  Archimedes 
till  the  commencement  of  the  16iU 
century,  the  th«ory  of  mechanics 
appears  to  have  remained  in  the 
same  state  in  which  it  was  left  by 
this  prince  of  Grecian  science,  lit- 
tle or  no  additions  having  been 
made  to  it  during  so  many  ages  ; 
but  about  this  time  Stevinus,  a 
Flemish  matiiematician,  made 
known  directly,  without  tire  intro- 
duction of  the  lever,  the  laws  of 
equilibrium  of  a  body  placed  on 
an  inclined  plane  ^  he  also  invest!- 
^taL\.e^,^'\\.l\u\^«scm«  success,  many 
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termlnvd-  the  conditions  of  eqaili* 
brium  between  Mveral  forces  eon*' 
earring  in  a  connnon  p6int>  wtiioh 
oomes,  in  fact,  to  the  famous  pro- 
position relating  to  the  paraUelo* 
gram  of  forces ;  bat  it  does  not  ap- 
pear that  he  w^s  at  all  aware  «f 
its  conseqneiices  and  application. 
In  1S92,  Galileo  composed  a  trea- 
tise on  statics,  which  lie  reduced 
to  this  single  principle ;  vh.  It  re- 
quires an  equal  power  to  raise  two 
different  b(»die»  to  heights  having 
the  inverse  ratio  of  their  weights;, 
that  is,  whatever  power  will  raise' 
a  body  of  two  pounds  to  the  height 
of  one  foot,  will  raisca  body  of  one 
pound  to  the  height  of  two  feet. 
On  this  simple  principle  he  inves- 
tigated the  theory  of  the  inclined 
plane,  the  screw,  and  all  the  me- 
chanical powers;  and  Descartes 
afterwards  employed  it  in  consi- 
dering the'statical  equilibriums  of 
machines  in  general,  but  without 
quoting  Galileo,  to  whom  he  had 
been  indebted  tor  the  first  idea. 
To  Galileo  we  are  also  indebted 
for  the  theory  of  accelerated  mo. 
tion  ;  and  its  complete  coincidepce 
with  the  observed  phenomena  of 
nature  may  be  considered  as  one  of 
the  greatest  steps  made  ,at  one 
time  in  the  science  of  physics. 

Torricelli,  a  pupil  of  Galileo, 
prosecuted  the  subject  after  his 
master,  and  added  several  curious 
propositions  concerning  projectiles, 
to  those  which  the  latter  had  pre- 
viously investigated.  Huygens  con- 
sidered the  motion  of  bodies  along 
given  curves,  and  demonstrated 
thai  the  velocity  of  a  heavy  body, 
which  descends  along  any  curve, 
is  the  9anie  at  every  instant  in  the 
direction  of  the  tangent,  as  it  would 
have  acquired  by  falling  freely 
from  a  height  equal  to  the  corres- 
ponding vertical  absciss.  Then  ap- 
plying thifl  principle  to  the  invert- 
ed cycloid,  the  axis  of  which  is 
vertical,  he  found  that  a  heavy 
body,  from  whatever  part  of  the  cy- 
cloidal  arc  it  falls,  always  arrives  at 
the  Ibwest  point  of  that  arc  in  the 
same  space  of  time.  This  very  re 
markable  proposition  includes 
what  is  commonly  called  the  isth 
chr&nism  of  the  cycloid,  and  would 
alone  have  been  sufficient  to-  es. 
tablish  the  Auae  of  a  eeomdrwiaii* 
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In  lesik  Huygens,  Wallis,  and  She. 
Christopher  Wren,  all  discovered 
the  true  laws  of  percussion  sepa^ 
rately,  and  without  any  communi* 
cation  with  each  other,  a  proposi- 
tion which  Desciirtes  had  previous- 
ly attempted,  but  failed  in  giving 
it  a  general  solution.  However, 
before  the  discovery  of  the  fluxion- 
al  calculus,  there  were  many  cu- 
rious and  interesting  mechiiniea'l 
properties,  which  the  ancient  geo- 
metry was  incompetent  to  investi- 
gate, and  which  could  never  have 
been  brought  to  light  but  by-  the 
assistance  of  this  modern  brancb 
of  analysis. 

MECHANICAL,  relating  to  the 
theory  of  mechanics,  or  that  which 
is  performed  by  means  of  maf 
chineK;  it  ts  also  used  in  mathe- 
matics, tp  denote  a  method  not 
strictly  scientific,  as  when  the  so- 
lution of  a  problem  is  obtained  by 
means  of  any  other  instrument  be- 
side the  ruler  and  compasses,  or  by 
any  art  or  contrivance  not  strictly 
geometrical. 

Mechanioai.  Powers^  is  m  term 
under  which  is  classed  all  those  sim-t 
pie  machines  which  are  separately 
employed  for  the  purposes  of  rais- 
ing great  weights,  overcoming 
great  resistances,  &c. ;  and  from 
the  combination  of  wliich  the  most- 
complex  engines  are  constructed. 

Authors  have  differed  as  to  the 
number  of  the  mechanical  powers, 
some  reckoning  only  three,  others 
six,  and  others  again  seven:  vix, 
the  lever,  wheel  and  axle,  pnUey^ 
inclined  plane,  strew,  wedge,  ami 
funicular  machine, 

MxDiUM,  in  Philosophy,  denotes 
that  space  or  region  throurgh 
which  a  body  passes  in  its  motion 
towards  any  pi*oposed  point;  being 
used  in  contradistinction  to  a  va*> 
cuum,  which  is  a  simple  void 
space.  Thus,  air,  water,  glass,  &c. 
are  mediums  of  different  densities, 
and  possessed  of  different  |>owers 
of  refraction,  resistance,  Jec. 

Ethereal  Mxdium,  ts  a  supposi- 
tions subtle  medium,  supposed  to 
occupy  every  part  of  space,  and  in 
which  the  planetary  motions  are 
performed  without  resistance,  and 
by  means  of  which  light  is  reflect- 
ed, inflected,  and  refracted ;  heaA 
is   WQfOtoMiJtA,  am&  \&i»Nian^\^ai 
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thort,  all  the  great  operations  of 
nature  are  supposed  to  be  carried 
on  through  the  agency  of  this  uni- 
versal medium. 

MEN4SCUS,  a  lens  or  glass, 
which  is  convex  on  the  one  side 
and  concave  on  the  other ;  and  is 
otherwise  called  a  lune  or  lunula. 

The  rule  for  finding  the  focus  of 
a  meniscus  is  as  follows : 

As  the  difference  between  the 
concavilv  and  convexity  is  to  ei- 
ther of  them,  so  is  tlie  diameter  to 
the  focal  length,  or  distance  of  the 
focus  from  Uie  meniscus ;  that  is, 
if  D  and  d  be  the  diameters  of  the 
two  sides,  and/ the  focal  distance, 
then 

D  —  d  :  D  =  d  :/ 
Where, 

if  D  =S«f,  we  shall  have/=    D 

ffD=3<f,then    .    .    .  /=4D 

if  D  z=5d,  then    .    .    .  /=4D 

&c.  &c. 

And,  lastlv,  if  D  =  d,  then/  is  in- 
finite ;  and  therefore  a  ray  falling 
parallel  to  the  axis,  will  also  con- 
tinue parallel  to  it  after  refraction. 

MENSURATION,  that  branch  of 
mathematics  which  treats  of  the 
measurement  of  the  extensions,  ca- 
pacities, solidities,  &c.  of  bodies. 

It  is  to  the  Greeks  that  we  seem 
to  be  indebted  for  the  fundamen- 
tal principles  of  mensuration  ; 
which,  in  its  earliest  state,  was 
scarcely  distinguishable  from  geo- 
metry :  and,  notwithstanding  the 
perfection  which  Euclid  attained 
in  the  latter  science,  the  theory  of 
mensuration  had  not  in  his  tinie 
advanced  beyond  what  related  to 
right-lined  figures;  and  this,  so  far 
as  regards  surfaces,  might  all  be 
reduced  to  that  of  measuring  a 
triangle.  The  mensuration  of  solid 
.bodies,  however,  was  of  a  more 
varied  and  complex  nature,  and 
gave  the  celebrated  geometrician 
a  greater  scope  for  the  exercise  of 
-bis  superior  talents;  and  here 
still  confining  himself  to  bodies 
bounded  by  right-lined  plane  su- 
perfices,  he  was  able  to  perform 
all  that  can  be  done  even  at  this 
day.  With  regard  to  curvilinear 
figures,  he  attempted  only  the  cir- 
cle and  the  sphere;  and  if  he  did 
not  succeed  in  these,  he  failed  only 
where  there  was  no  possibility  of 
BuccesB:  but  the  ratio  that  aucVi 
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surfaces  and  solids  have  to  eadi 
other,  he  accurately  determined. 
After  Euclid,  Archimedes  took  up 
the  theory  of  mensuration,  and 
carried  it  to  It  much  greater  extent. 
He  first  found  the  area  of  a  carvi- 
linear  space,  unless  indeed  we  ex- 
cept the  lunules  of  Hippocrates, 
which  required  no  other  aid  than 
that  of  the  pore  geometrical  ele> 
ments.  Archimedes  found  the  area 
of  the  parabola  to  be  two-thirda  of 
its  circumscribing  rectangle,which, 
with  the  exception  above  stated, 
was  the  first  instance  of  the  qua- 
drature of  a  curvilinear  space.  He 
likewise  determined  the  ratio  of 
spheroids  and  conoids,  to  their  cir- 
cumscribing cylinders;  and  has 
left  us  his  attempt  at  the  quadra- 
ture of  the  circle.  He  demonstrated 
that  the  area  of  a  circle  is  equal  to 
the  area  of  a  right4ingled  trian- 
gle, of  whrch  one  of  its  sides  about 
the  right  angle  is  equal  to  the  ra- 
dius, and  the  other  equal  to  the 
circumference ;  and  thus  reduced 
the  quadrature  of  the  circle  to  that 
of  determining  the  ratio  of  the  cir 
cumferenee  to  the  diameter,  a 
problem  which  has  engaged  the 
particular  attention  of  the  mostce 
lebrated  mathematicians  of  ail 
ages,  but  which  remains  at  present, 
and  in  all  probability  ever  will  re- 
main, the  desideratum  of  geome- 
ters ;  and,  at  the  .same  time,  a  con- 
vincing and  humiliating  proof  of 
the  limiued  powers  of  the  human 
mind.  But  though  Archimedes  fail> 
ed  in  establishing  the  real  quadra- 
ture of  the  circle,  it  is  to  him  we 
are  indebted  for  the  first  approx- 
imation towards  it.  He  found  the 
ratio  between  the  diameter  of  a 
circle,  and  the  periphery  of  a  cir- 
cumscribed polygon  of  86  sides,  to 
be  less  than  7  to  22,  or  less  than  1 
to  3  ^ ;  but  the  ratio  between  the 

diameter,  and  periphery  of  an  in- 
scribed polygon  of  the  same  num- 
ber of  sides,  lie  found  to  be  greater 
than  1    to   3  ^;  whence  tk  fortiori 

the  diameter  of  a  circle  is  to  its 
circunifertnce,  in  a  less  ratio  than 
I  to  3  ^,  or  less  than  7  to  S3.  Hav. 

ing  thus  established  this  approxi- 
mate ratio  between  the  circumfe- 
rence and  diameter,  he  readily  as- 
c«i\a\u«4  \Vval  of  the  area  of  the 
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Midir,  crossing  the  equator  at  right 
angles,  and  dividing  the  spbere 
inio  an  eastern  and  western  hemi- 
sphere. 

MxRiDiAN,  in  Geogmfhyt  a  cor. 
responding  terresirial  circle  in  the 
plane  of  the  former,  and  which 
tkrerefore  passes  througlt  the  poles 
of  the  earth. 

All  places  situated  under  the 
tame  meridian  have  their  noon  or 
midnight  at  the  sante  time ;  but 
under  different  meridians  it  will 
arrive  sooner  or  later,  according 
as  they  are  situated  to  tne  eastward 
or  westward  of  eacii  other;  viz. 
the  sun  will  be  upon  that  meridian 
soonest  which  is  most  to  the  east- 
ward, and  that  at  the  rate  of  an 
hour  for  every  15  degrees. 

First  MxBiDiAN  is  that  from 
which  all  the  others  are  reckoned, 
which  being  totally  arbitrary  has 
been  variously  chosen  by  di£ferent 
geographers.  Ptolomy  makes  his 
first  meridian  pass  through  the 
most  western  of  the  Canary  Islands, 
others  have  chosen  Cape  Verd, 
8om^  the  Peak  of  Teneritte,  others 
ihe  Island  of  Fero,  &c. ;  but  most 
nations  now  consider  that  the  first 
meridian  which  passes  over  their 
metropolis,  or  their  principal  ob 
tervatory.  Thus  the  English  reckon 
from  the  meridian  of  London,  or 
rather  of  Greenwich;  the  French 
from  that  of  Paris ;  the  Spanish 
from  Madrid,  &c. 

MiiEiDiAN  ofaG/o&£.  See  Globk. 

Meridian  X.t;ie,  is  a  north* and 
south  line,  the  exact  determination 
of  which  is  of  the  greatest  import- 
ance in  all  cases  relating  to  astro- 
uomy,  geography,  dialling,  &c.  be 
cause  on  this  all  the  other  parts 
have  their  dependance.  The  most 
celebrated  meridian  line  is  that  on 
the  pavement  of  the  church  of  St. 
petronio  in  Bologna,  M'hich  was 
drawn  to  the  length  of  one  hundred 
and  twenty  feet  by  the  celebrated 
Cassini. 

7b  dratva  Meridian  //i«e.— Know- 
ing the  suuth  quaiter  pretty  nearly, 
observe  the  altitude  of  some  star 
on  the  eastern  side  thereof,  not  far 
from  the  meridian  :  then,  keep- 
ing the  quadrant  tinn  on  its  axis, 
io  as  that  tlie  plummet  may  still 
cat  the  same  degree,  only  divecv 


meridian,  wait  till  the  atar  hat  tlie 
same  altitude  as  before.  IjastJy, 
bisect  the  angle  formed  by  the  in- 
tersection of  the  two  planes  whera- 
in  the  quadrant  is  placed  at  the 
time  of  the  two  observations^  an^ 
the  line  of  section  is  a  meridiaa 
line. 

Mkbidian  Line  on  a  dial,  is  the 
same  as  the  12  o'clock  hour  line. 

Msridian  Line  on  the  Guuter's 
scale,  is  a  line  divided  unequally 
towards  iST**,  corresponding  to  tii« 
meridian  in  Mercator's  chart. 

Magnetic  Mkridiam,  a  great  cir 
cle  passing  tiirougli  Uie  uiagneJLie 
poles. 

Meridian  Altitude,  the  altitude 
of  any  of  the  heavenly  bodies 
when  tl»ey  are  upon  the  meridian. 

MERIDIONAL  Distance,  in  ATo. 
vigation,  is  the  same  as  Dspak^ 
TORE,  or  distance  between  the 
meridians  of  two  places. 

Meridional  Pftrts,  Miles,  or 
Minutes,  in  Navigation,  are  the 
imrts  of  the  increa,sed  meridiaaa 
according  to  the  Mercator  chart. 

The  parts  of  th.e  enlaj'ged  merip 
dians  in  the  Mercator  chart  in- 
crease in  proportion  to  the  cosines  > 
of  the  latitudes  to  radius,  or  as  the 
radius  to  the  secants,  or  since  the 
radius  is  constant  they  increase 
simply  as  the  secants ;  and  tiiere* 
fore  the  whole  enlarged  meridian 
for  any  parallel  of  latitude  will  be 
proportional  to  the  sum  of  all  the 
secants  to  that  place,  which  for 
comnum  purposes  are  found  near 
enough  by  adding  together  the 
secants  of  every  angle  in  minutes; 
that  is,  the  meridional  parts. 

for  1/   =  sec.  1/ 

f«)r  2"  =-  sec.  1'  -+•  sec.  V 

for  3"/  =  sec.  1/  -j-  sec.  2/  +  sec.  a 
&c.  &c. 

If  the  earth   be   considered    as  a 
spheroid,  the  method  of  con))>nta- 
tion  is  a  little  more  varied,  though 
it  is  attended  with  the  same  accu 
racy  as  in  the  former  case. 

MBTKOR,  denotes  all  the  various 
phenomena  of  the  atmosphere, 
while  others  apply  it  exclusively 
to  denote  those  luminous  bodies 
which  appfar  at  a  considerable 
height  above  the  earth.  These 
sometimes  surpass  the  moon  in 
splendour,    and    sometimes    equal 


ing  it  to  tlxe  we&teru  side  of  vVv«\Vvet  \ti.  ^v'^^'^^^'^  ^^"i*^*  'CVx«^  ^en&> 
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Mlly  proeeed  in  this  lieinisplieni 
ttom  noitli  to  tooth  with  vast 
velocity,  freqaently  breaking  into 
several  smaller  ones,  sometimes 
▼anishing  with  a  report,  and  some- 
times not.  These  luminoos  appear- 
ances no  doabt  constitute  one  part 
of  the  ancient  prodigies,  biasing 
stars  or  comets,  which  last  they 
sometimes  resemble  in  being  at* 
tended  with  a  train ;  but  frequently 
they  appear  with  a  ronnd  and  well 
defined  disk.  The  first  of  which 
we  have  any  accurate  account  was 
observed  in  1719.  Its  height  was 
computed  at  aliont  70  miles  from 
the  surface  of*  the  earth.  The 
height  of  others  has  also  been 
computed,  and  found  to  be  various; 
though  in  general  it  is  supposed  to 
be  beyond  the  limits  assigned  to 
our  atmosphere,  or  where  it  loses 
its  refractive  power.  The  most 
remarkable  appeared  about  nine 
in  the  evening  of  the  18th  of  Au- 
gust, 1783.  It  was  seen  to  the 
northward  of  Shetland,  and  took 
a  southerly  direction  for  an  im- 
mense  space,  being  observed  as 
far  as  the  scathem  provinces  of 
France ;  and  one  account  says  that 
it  was  seen  at  Kome  also.  Durine 
its  course  it  frequently  changed 
its  shape ;  at  one  time  appearing  in 
the  form  of  one  ball,  at  another  of 
two  or  more;  someiimes  with  a 
train,  and  sometimes  without  one. 
It  passed  over  Edinburgh  nearly 
in  the  zenith,  and  had  then  the 
appearance  of  a  well  defined  round 
body,  extremely  luminous,  and  of 
a  greenish  colour ;  the  light  whicli 
it  diffused  on  the  ground  giving 
likewise  a  greenish  cast  to  objects. 
After  passing  the  asenith,  it  was  at 
tended  by  a  train  of  considerable 
length,  which  continually  augment* 
ing,  at  last  obliterated  the  head 
entiiely  ;  so  that  it  looked  like  a 
wedge,  nying  with  the  obtuse  end 
foremost.  The  motion  was  not  ap. 
parently  swift,  by  reason  of  its 
great  height ;  though  in  reality  it 
must  have  moved  with  great  rapi- 
dity, on  account  of  the  vast  space 
it  travelled  over  in  a  short  time. 
In  other  places  its  appearance  was 
very  different  At  Greenwich  we 
are  told,  that  two  bright  balls  paf> 
rallel  to  each  other  led  the  way. 
the  diameter  of  which  appeared 
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to  be  aboQt  two  feet ;  and  were 
followed  by  an  expolsion  of  eight 
others,  not  elliptical ;  seeming  gra- 
dnally  to  mntifate,  for  the  last  was 
small.  Between  each  two  balls  a- 
luminons  serrated  body  eactended, 
and  at  the  last  a  blase  issued  which 
terminated  in  a  point.  Minute  par- 
ticles dilated  from  the  whole.  The 
balls  were  tinted  first  by  a  pure 
bright  light,  then  followed  a  tender 
yellow,  mixed  with  azure,  red, 
green,  &c. ;  which,  with  a  coalition 
of  bolder  tints,  and  a  reflection 
from  the  other  Imlls,  gave  the 
most  beantifhl  rotundity  and  varia-- 
tion  of  colours  that  the  human  eye 
could  be  charmed  with.  The  sud- 
den illumination  of  the  atmosphere^ 
and  the  form  and  singular  transi- 
tion of  this  bright  luminary,  tend 
ed  much  to  make  it  awful :  never 
theless  the  amasing  vivid  appear 
ance  of  the  different  balls,  and 
other  rich  connective  parts  not 
very  easy  to  delineate,  gave  aa 
effect  equal  to  the  rainbow  in  the 
full  zenith  of  its  glory. 

Besides  those,  there  are  other 
fireballs  much  smaller  and  nearer 
the  surface  of  the  earth,  rolling 
upon  it,  or  falling  upon  it,  explod- 
ing with  violence,  as  is  the  case 
with  those  which  appear  in  the 
time  of  thunder,  and  frequently* 
produce  niiscliievons  effects.  One 
of  these  is  mentioned  by  some  an- 
thors  as  falling  in  a  serene  evening 
in  the  island  of  Jamaica ;  explod- 
ing as  soon  as  it  touched  the  surface, 
of  the  ground,  and  making  a  con*' 
siderable  h<ile  in  it  Another  is 
mentioned  by  Lr.  Priestley,  as 
rolling  along  the  surface  of  the  sea, 
then  rising  ai)d  striking  the  top- 
mast of  a  wan  of  war,  exploding, 
and  damaging  -the  ship.  In  like 
manner  we  hear  of  an  electrified 
cloud  at  Java  in  the  East  Indies; 
whence,  without  any  thunder- 
storm, there  issued  a  vast  number 
of  fireballs,  which  did  incredible 
mischief.    This   last  phenomenon 

Eoints  out  to  us  the  true  origin  of 
alls  of  this  kind,  viz,  an  excessive 
accumulation  of  electricity  in  one 
part,  or  a  violent  tendency  to  cir 
culate,  when  at  the  same  time  the 
place  where  the  motion  l>egins  is 
at  so  great  a  diat«nc«»  ^t  x&KftVi» 


HAlHKKATICAft  AlIB  VHVItCAL  SCtERCK. 

n  die  a 


Llnd,  lli>(Drs>dta  Itant  lu 
but  btiOM  f^vmily  uu^la 

pluc  Uia  |ta*t  qmnuty  ^. 

Mi»«  Anld.wlilah  hUM  audnts 
to  mo#e  IM  wna  vuf  wibfa  lUijJi, 
' lob^nfalclirBi 


',  by    iiiniiF,  by  wlUch 


«f  ftullnc  Uiem,  liitn  Hitii!  nut  m 
•heelnJc.   ThUiicTm  conHinira 

•nd  dT  Dr.  PrlHtl«y'>  nnii  vdIbbic 
Ml  Air.  H*RliLH,Lfaiilii  (cntls- 
mta  likvluf  ckwtxli  *l'ti  ■  "ttf 

C>tr(ol  omWob,  m  J«r,  -hicL 
i  th*  wir*  iipiiutliil  the  knub 
of  BSaiuiidaraMa  1«d|1b,  Bod  pu- 
Hd  thnxigk  m  (lu  Ubc,  ■  globe 
qf  en  wa*  H«  lo  iH>  but  or  u. 
Till*  >lob«  ndgill*  MOcuJcd  ■) 
top  of  the  knob,  when  i(  irUlcd, 
tsmlni:  •wtnij  on  <■'■?''•>  •«<1  "I'- 


ll iwiitci  an:  euetljr  d*. 
OUrct-GloM   HlOOBI- 

piutA,  by  n  iilvie  mkich  puaei 
■hrongh  lu  Kii ;  ■nd  the  tegBKiii* 
re  moveable  on  •  ■t.dwud  linr. 

HlOROSOUfB,    fiv  huuanmt 

Hictwiinpn  un  divided  inta  <li» 
0,  nwp«Hidtr«M)M>«,  afar,  *a. 
imffle  or  M119A  UiDBOisara,  U 
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HMir  uilei  or  diiluwo,  ■■  the 
a^rentdlimetenodhe  pl.neu, 


A*  P""J',pL*  ^  opermlicm  ii  the 
Sl^lre  puallrl  u>  iurli,  tn  ihc 
iyi»«f  t"e  piclnre  ot  an  ohjert, 

^^MMvewiih  the  gruiot  prt 


cinly  Knnnr  Ui-th«  eve 

>l«l  pidiu )  and  If  wd  '_   .. 

"-" f  ue  the  iBilgo  bv  l)niiB«s  » 

111  divrria  »  mnelt  m  to 
the  olijeel  IndHUnn  i  mad  it 

will  then  ha  loo^ilUa  liaflU  aak* 

In  nrJ'er'to'nDpu"  tUiie'defaouot 
nilural  Tl»lti.i,  .I'lch  h  effeowd 
by  rlBcIng  the  obJMl  in  Uia  loin- 
cfpul  fecoi  o(  a  glau  iiiherule  or 

ln™'h~h°™w"kni.'y  be'dilUll^ 
.«n,  ih.  ...I..1  aniile,  u  .cU  ■> 
the  qnentlly  nf  lli;ht  admllted  inlo 


I   Ibrmrd,   being  to 


u  r  c-^H  X  s 


fs  one  which  consists  Of  a  combi- 
ufttiou  of  two  or  more  lenses. 

Befiecting  MtcROScopH,  magni« 
fits  the  obiect  by  reflectioa. 

Solar  MicROscuPBj  is  a  sfngle 
convex  lens  used  in  the  same  man- 
ner  as  in  a  magic  lantern ;  only  the 
object  is  jlluminated  by  the  solar 
rays  entering  into  a  hole  in  the 
shutter  of  a  dark  room;  in  other 
respects,  there  is  no  difference  in 
the  principles  of  these*  Iwo  instru- 
ments. 

MICROSCOPIC    ObsJecU,   those 

things  which  are  too  small  to  be 

•een  distinctly-  by  the  naked  eye. 

MIDDLE  Latitude,  is  half  the 

sum  of  two  given  latitudes  when 

they  are  both  in  the  same  hemts* 

Inhere,  or  half  their  ditference  if 

they  are  in  different  hemispheres; 

m  which  latter  case  it  will  always 

be  of  the  same  name  as  the  greater. 

MILB,  a  long  measure,  which 

the   English,    Italians,   and  some 

.other  nations  use  to  express  the 

•distance  between  places ;  the  same 

88  the  French  nse  the  word  league. 

The  mile  is  of  dilfefent  lengths 

in   different  countries.'  The  geo- 

.graphical,  or  Italian  mile,  contains 

-ItlOO  geometrical  paces,  mlUe  pas- 

,sus,  whence  the  term  mile  is  de- 

rived.    The  English  mile  consists 

m(  8  furlongs,   each  furlong  of  40 

^les,  and  each  pole  of  lo\  feet ; 

■SO  that  the   iniie  =  ,8  furlongs  = 

j^O  poles  =  1760  yards  =  5280  I'eet. 

Gedmet.  Paces. 

•MHe  of  Russia.... 7.50 

-Italy 1000 

England 1200 

.' Scotland    and   >    ,--« 

Ireland }   **™ 

Old  league  of  Pra  <ce  ...  1500 

Small  league,  ibid SOOO 

Mean  league  of  France...  itSOO 

Great  league,  ibid .HOOO 

Mile  of  Poland  . .' 3000 

Spain  S488 

^' Germany   4000 

Sweden...; 500a 

Denmark 6000 

'. Hungary ..,...;..  0000 

MILL,  is  properly  an  engine  for 
grinding  corn  ancl  other  sub* 
AtanccH ;  but  tire  same  term  is  also 
used  to  denote  a  variety  of  nuu 
chines,  particularly  if  ^  the  first 
mover  be  eiiber  wiiidor  water* 


MINE^  in/Wff^aNMi  >•  a  sab- 
terraaeons  passage,  which  is  dug 
for  the  parpose  of  exploding  or 
blowing  up  the  works  of  fortified 
places.  The  passage  leading  to  the 
powder  is  called  the  geUerjft  and 
the  place  where  the  powder  is 
confined  the  chamber,  the  line 
drawn  from  the. centre  of  the  cham- 
ber perpendicular  to  the  nearest 
surface  is  called  the  Ume  of  least 
resistance,  and  the  part  blown  up, 
the  excavation, 

MINUTE,  the  sixtieth  part  of  a 
degree  ;  or,  in  time,  the  sixtieth ' 
part  of  ao  hour. 

MIR4GB,  an  optical  phenome- 
non. It  often  happens  at  sea,  that 
a  ship  seen  at  a  distance  appears 
as  if  painttfd  in  the  'sky,  and  not 
supported  by  the  water.  A  similar 
effect  wa9  observed  by  the  French 
in  the  course  of  their  march 
through  the  Desert.  The  villages 
seen  at  a  distance,  seemed  to  oe 
built  on  an  island  in  the  middle  of 
a  lake.  In  proportion  sifi  they  ap- 
proached, the  apparent  surface  of 
the  water  became  narrower,  and 
ultimately  disappeared  entirely  ;. 
while  the  same  illusion  was  re- 
peated on  a  village  at  a  little  far- 
ther distance.  . 

This  phenomenon  has  been  vm- 
riously  accounted  for  by  different 
philosophers.  Monge  ascribes  the 
effecUi  to  a  diminution  of  density 
in  the  lower  stratum  of  the  atmo- 
sphere.. This,  in  the  Desert,  is  pro* 
duced  Iw  the  incrqfise  of  -heat,, 
arising  from  that  communicated 
by  the  rays  of  the  sun  to  the  sand 
with  which  this  stratum  is  in  im- 
mediate contact.  At  sea  it  takes 
place  when,  by  particular  circum- 
stances^- such  as  the  action  6f  tlie 
wind)  the  Ipwer  stratum  of  the  at. 
mosph^re  holds  in  solution  a 
greater  quantity  of  water  than  the 
other  strata.  In  this  state  of  things, 
the  rays  of  light  which  come  from 
the  lower  part  of  the  heavens, 
having  arrived  at  the  surface  that 
separates  the  less  dense  stratum 
from  those  above  it,  do  not  pass 
throne  h  that  str^tom,  but  are  re-  ^ 
fleeted,  and  paint  in  the  eye  of  the 
otiserver  au  image  of  the  heavens ; 
whtoh  appearing  to  him  to  be 
below  -tile  horizon^  he.  takfis.  iSL  Cot. 
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MIRROS,   ■  ipeculnm. 
lilhed  body,   which   nliib 

Flam*  illB>c>t(,    irc   th 
wblch  Ihc  refltclina  inrfit 

or  Hy  ulhar  jriihipBliilicd  * 
Vmhc  Uiikok,  i>  ihm 
Tcdeclinc  nibca  ia  cobvu 
ut  thou  ornuHiiul  gluui 


HI,  to  IhU  whoH 


wliich  when  well  |wlt>bwl  r 

CMtDDurqnielHlvcr  ud  hnfbirto 
It  hMve  brconiB  |enerklly  known. 
It  hu  b«n  uiilvvrullf  cnplaf  cd 
Akr  Vnam  plftno  laVrnin  Bwa  u  or- 
Mounti  In  hnmta;  but  In  makkn; 


rnr  wlfli  wlitBb  Mr.  UBcqim  ncli- 
td  plUiiiBi  iboufli  only  twuur- 


I.  If   t%\\   proceeding   Tr 
niltuil  piilit  All  uuiHi  ■  rclli 


>,  aud  u  Ikr  on  Ibe  uiber  i 


'tii'iT'^rg'i' 


il/X'  yni'Pruf'  ffiD" 


MClDli'ltDS,'  ii 

LcgarUhvU,  It  tbak  uumw*    wuhu 

-?euany  iytLem  of  kvarillinia 

bt  BiDlIipllnl,  or  by  ""  leeiprocBl 

The  modXi  oT  the  hyperbolic 


idiaortUiiiyttei 
tagariOilij,  I  (ml  Ing. 


n    oCU, 
lip»e. 


a.  fl'm^'i  proceedini;  from  »  r»-\e(i\joVie  ejiVuMi,  lUe  whole  aeui 
dlani  (Hiiiii,  ml  upon  toy  poiotulUuinnJat  »»iMniii4V,"i\i«.'aimk« 


M  O  D — M  O  K 


r=;S7 1898182;  and  in  the  common 
system,  r  is  assumed  10,  and  the 
whole  series  becomes  =:  2'3Oi5S09, 
vrhicb  is  tbe  reciprocal  of  the  mo> 
duius;  and  since  in  the  luin^ei* 
case  we  have 

h\p.  log.  a  —  (a  —  1)  —  4  (a  — 1)« 
-f  i(a  — l)%&c. 
it  follows  also,  that  in  any  other 
hyp.  Jog.  r  =  (r  —  1)  —  i  (r  — 1)» 
-fi(r-l)^&c. 

whatever  be  the  value  of  r  ;  there- 
fore, in  every  system,  tiie  modulus 
is  the  reciprocal  of  hyp.  log.  of  the 
radix. 

Modulus  is  also  used  in  the 
theoiy  of  numbers,  to  denote  a 
xneasure  of  comparison  ;  thus  we 
say,  all  odd  squares  are  of  the 
same  form  to  modulus  4  ;  meaning 
that  all  odd  squares  divided  by  4, 
will  leave  the  same  remainder. 

MOMENT,  a^i  indefinite  small 
portion  of  lime,  having  the  same 
relation  to  duration  as  a  point  has 
to  a  line. 

MoM£NT,  in  the  Modern  Analy' 
sis,  is  the  same  as  Infinitesimal , 
Increment ,  or  Decrement;  for  an 
explanation    of  wliicU  see    those 

MOMENTUM,  in  Mechanics,  is 
the  same  with  impetus,  or  quantity 
of  motion,  and  is  generally  x;sti- 
mated  by  the  product  of  the  velo- 
city and  mass  ot  the  body.  This  is 
A  subject  which  has  led  to  various 
contioversies  between  philoso> 
phers,  some  estimating  it  by  the 
mass  into  the  velocity,  as  stated 
above,  while  others  maintain  tliaf 
it  varies  as  the  mass  into  the 
square  of  the  velocity.  But  this 
di/Terence  seems  to  have  arisen 
rather  from  a  misconception  of  the 
term,  than  from  any  other  cause. 
Those  who  maintain  the  former 
doctrine,  understanding  momen 
tum  to  signify  the  momentary  im- 
pact ;  and  the  latter,  as  the  sum  of 
all  the  impulses  till  the  motion  of 
the  body  is  destroyed. 

MONOMIAL,  in  Algebra,  is  a 
quantity  consisting  only  of  one 
term  ;  as  a  x,3b  af^,  &c. 

MONSOON,  a  periodical  wind, 
%vhich  blows  half  the  year  oi^e 
way,  and  the  (»tlier  half  the  con- 
trary way.  The  regions  where 
those  monsoons  are  most  regular 
aud  conspicaous  is  on  the  soothem 
009 


shores  of  Asia,  where  they  blow 
from  the  south  during  tiie  sum* 
iner,  and  froni  the  north  during 
winter.  The  former  is  caused  Ly 
the  rarefaction  of  the  heated  air 
over  the  Asiatic  continent  when 
the  sun  Ik  on  the  north  side  of  the 
iijie;  and  the  latter  by  the  con- 
densation  over  the  same  when  the 
sun  is  on  the  south  side  of  the 
line. 

MONTH,  the  twelfth  part  of  the 
year,  it  is  so  called  from  the 
moon,  by  whose  motions  it  wa# 
regulated,  being  properly  the  time 
in  which  the  moon  passes  through 
the  zodiac.  The  lunar  month  is 
either  illuminative,  periodical,  or 
syHodical. — Illuminative.  The  in- 
terval between  the  first  appear- 
ance of  one  new  moon  and  that  of 
the  next  following.  As  the  moon 
appears  sometimes  sooner  after 
one  change  than  after  another,  the 
quantity  of  the  illuminative  month 
is  not  always  the  same.  The  Turks 
and  Arabs  reckon  by  this  month. 
Periodical,  Tlie  time  in  which  the 
moon  runs  through  the  zodiac,  or 
returns  to  the  same  point  again  ; 
the  quantity  of  which  is  27''  7^  43'" 
%^ .-—Synodical  (called  also  a  luna- 
tion). The  time  between  two  con- 
junctions of  the  moon  with  the 
sun,  or  between  two  new  moons  : 
the  quantity  uf  which  is  'i.^  12^ 
44»»  3«  IVit,     . 

The  ancient  Rontans  used  lunar 
months,  and  made  them  alternately 
of  twenty-nine  and  thirty  days. 
They  marke-*  the  da>-s  of  each 
month  by  three  terms ;  viz.  Ca- 
lends, Kones,  and  Ides, 

Solar  Month,  is  the  time  in 
which  the  sun  riins  through  one 
entire  sign  of  the  ecliptic  ;  the 
mean  quantity  of  which  is  30''  10^ 
29m  5«^  being  the  twelfth  part  of 
365''  5^  49'»,  the  mean  solar  year. 

Astronomical  or  Natural  Month, 
is  that  measured  by  some  exact 
interval  corres|Mmding  to  the  mo- 
tion of  the  sun  or  moon  ;  such  are 
the  lunar  and  solar  months  above 
mentioned. 

Civii  or  Common  Month,  is  an 
interval  of  a  certain  number  of 
whole  days,  approaching  neai  ly 
to  the  quantity  of  some  astroucvKViV. 


oiJI  be  kept  t<>  the  fint  day  nf 
•uch  elvll  noiiLhi  (or  ■  long  lime 
(□gclfacr.    ThLi  wu  Uic  manlii  in 

lent,  Gneki,  and  ItamiDS,  ULI  Ihe 
llnieofjMl1i»Cs>Br. 
Tlir  tUvHUolnr  Mobth,  eoniUted 


fnitrlh  jear  of  Uivty  days. 

iroducrd  by  IuUdi  Chut.  Ui 
AugailDi,  Ihe  >liili  nianlh, 
then  from  lUpliMMlkdHe. 

■no  la  nuke  the  AaiDplfment  lULi 
vbiah  mue  It  coneUt  of  tbirty- 
o«  ■'^^^^^^^B''^^';^  ">.»  il  bad 

SEES'™™  KhTuiJy;  mukfiir  U 
Eooiisl  o(  iwniiy.«l(,hi  dnyi 


.eedrn^y'ecKntric'kirdT, 
reiwfr^fon  in  Mi'  7^  43"  11' 

canttttitily  in  accrM'0^fon 


rmm  lbs  etrlh  i> 


inV'  »'e  »"■!  j'buTtho" 


rly  iJtie  yean.    Tbe  peiioil  t>f 


ed|c.  and  KmiiUmei  nuue  of 
vcgicm  edgei  which  ippFuri 
ii  called  the  llbratliim  <^ih(  iii 
-  -,  ThcBitoofihen 
A  Iha  plans  of  thi 


.from  ut:  and  ihU pli>nai>ienn 
CBlleil  her  tlbratlim  in  latU 
There  it  ■]»  another  OBilcal 
cepiioJi  ariHiiB  from  the  n 
beiac  Ken  from  the  luiface  ol 
einC,  iioteid  nf  llie  centre  w 


ofthacentrein  the  lyiieica, 
tu  uineiit  tl  In  the  nm-Brati 
It  Ihla  diaiinutioB  and  tncr 
were  alwayi  the  ume,  the  e 


"SvtS; 


;  >nd  (b«  moon  (herefhra 

)oriirds   iu  aphelion,  the 

id  of  Italt  jneqaallli  ti  an    ' 
ide  year :  and  at  iU  uail- 
aniaiiDUIoll'19"'9iHi>, 


Ihat  of  thr  earth,  ii^;li  111  her 
Hunt  !•  only  gl'i.      The    appamt 

Ker  mean  herl%e"ial  paraUia  it 


or   the  eanhi  nhich  ■hadov  li 


!C  Ihan  Ihe  dlaneter  of  the 
:  Ihe  breadth  nf  the  earlh-a 


-id  on  the  breadth  of  llie  shadow 
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leM  the  nH>on  be  in  conjunction ; 
and  then  only  when  the  cenue* 
ot  the  sun  aiid  mooo  are  in  a  line, 
or  nearly  }n  a  line  with  the  eyeul 
the  spectator  on  the  earth.  In  the^ 
first  case,  ir  the  apparent  diaipeter 
ut  the  muon  be  greater  than  tiiat 
ot'the  sun,  the  eclipse  will  be  total  j 
hut  it'  it  be  less,  it  will  be  annular. 
In  (>ih«r  cases,  the  eclipse  wiil  be 
fartial. 

The  sun  cannot  be  totally  ob- 
scured lor  a  longer  period  ot  time 
than  lour  minutes;  but  the  moon 
may  be  obscured  tor  a  much 
longer  period. 

Eclipse!!,  of  which  there  cannot 
be  less  than  two  in  a  year,  nor 
more  than  seven,  generally  in  tlie 
same  order  and  magnitude  at  the 
end  of  233  lunations ;  for  in  that 
number  of  synoiiicai  revolutioB« 
there  are  05H^  7*  4-i>i<  ZV'7,  and 
•MA<<  ISA  4im  45i/*0  there  are  nine- 
teen mean  synodical  revolutions 
of  the  moon's  nodes ;  thereftne  at 
ti»e  end  of  e989<(  7*  24"«  3I"'7  the 
moon's  mean  longitude  will  be 
only  28/  32'^  behind  the  mean  place 
of  her  nodes. 

The  atmosphere  of  the  moon,  if 
it  has  uny>  must  be  extremely  at- 
tenuated, more  rare  than  we  can 
frodttce  with  our  best  air-pumps. 
he  light  of  the  moon  is  only  one 
SQOMOth  part  of  that  of  the  sun; 
and  the  refraction  of  the  rays  ot 
light,  at  the  surface  of  our  eurih, 
mu»t  be  at  least  10i)0  times  greater 
than  at  the  surface  of  the  moon  : 
this,^at  least,  is  the  opinion  of  many 
of  our  most  celebrated  astrono- 
mers^ and  it  would  perhaps  be 
thought  presumptive  in  us  to 
doubt  such  authority. 

Wi>en  we  look  at  the  surface  of 
the  moon  with  a  good    telescope, 
vre  find  its  surface  surprisingly  di- 
versified.    Besides  the  large  dark 
■pots  that  are  visible  lo  the  naked 
eye,  we  perceive  extensive  valleys, 
end  long   ridges  of  high  elevated 
Bftountains  projecting  their  shadows 
on  tlie  plains  below.     Single  moun- 
tains here  and  there  rise  to  a  great 
height,  wliiie  hollows,  which  from 
accurate  measurement  aie  found 
to  be  tliree  miles  deep,  and  almost 
perfectly  circular,  are  excavated 
in  the  plains.-  The  margin  uf  these 
cJrcniar  cavitie9  is  freque&Uy  «V«* 
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valed  a  little  above  the  general 
level,  and  a  lofty  eminence  rises 
in  the  centre  of  the  cavity. 

Ml' hen  the  moon  approaches  to 
her  opposition  with  the  sun,  the 
elevations  and  depressions  on  her 
surface  in  a  great  measure  disap- 
pear, while  her  disc  is  marked 
with  a  number  of  brilliant  points 
and  permanent  radiations. 

These  various  appearances  have 
been  accurately  represented  in 
maps  of  the  moon's  surface.  This 
was  first  attempted,  but  in  a  very 
rude  manner,  by  Riccioli.  Heve- 
lius,  in  his  "  Selenographia,"  after- 
wards gave  more  just  delineations 
of  the  lunar  disc,  during  the  whole 
of  her  progress  round  the  earth. 
A  map  Of  the  full  moon  was  drawn 
by  Cassini,  and  has  been  copied, 
though  extremely  incorrect,  into 
most  of  our  modern  treatises  of 
astronomy.  Excellent  drawings  of 
the  moon  were  also  made  by 
Tobias,  Mayer,  and  by  Mr.  Russel ; 
but  the  most  accurate  and  com- 
plete are  those  ot  the  celebrated 
Schroeter,  who  has  given  highly 
magnificent  views  of  beveral  parts 
of  the  moon's  surface.  The  most 
favourable  time  tor  viewing  the 
luuar  disc,  is  wlten  she  is  about 
five  days  old  ;  the  irregularities  in 
':er  surface  being  then  the  most 
conspicuous. 

it  is  diflicuit  to  say,  with  any  de- 
t;ree  of  proisability,  what  the  im- 
mense cavities,  of  which  we  have 
been  speaking,  are,  or  may  have 
been  ;  but  we  cannot  help  thinking 
that  our  earth  would  assume  near- 
ly the  same  appearance  if  all  the 
lakes  and  seas  were  removed  ;  and 
who  can  say  but  that  this  may  have 
been  tite  case  in  the  lunar  regions? 
Astronomers  have  formerly  sup- 
posed that  the  dark  part  of  the 
moon's  surface  were  large  lakes 
and  seas;  but  it  is  obvious,  on  an 
attentive  observation  with  a  good 
telescope,  that  there  are  ridges  and 
unevennesses  in  those  parts,  which 
plainly  indicate  that  ihey  are  not 
fluid  but  solid,  like  the  other  parts 
of  her  surface  ;  whence  it  appears, 
that  there  is  very  little  of  any  fluid 
matter  in  this  luminary,  and  hence 
probabl}'  is  the  reason  that  her  at- 
mosphere is  so  different  from  our 
oviu  \  \1,  \\id«ed,  this  can  be  justly 
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inferred  from  the  chrenmstance« 
UHuaiiy  adduced  as  argiimeats  in 
favour  of  tiiia  hypothesis,  whicli 
-we  confess  appears  very,  doubtful. 

We  have  observed,  ttiat  raouu- 
tains  may  always  be  seen  on  the 
surface  of  the  lunar  disc  ;  and  even 
volcanoes  have  been  frequently 
observed,  from  whicli  some  philo- 
sopliers  have  supposed  the  aero- 
Itihs,  tiiat  at  limes  fall  to  the  earth, 
to  have  been  projected  :  .which  it 
appears,  from  computation,  would 
only  req.uire  a  velocity  of  about 
820O  feel  per  second,  to  cause  them 
to  pass  from  ihis  body  to  the  earth. 

Age  of  the  Moon,  is  the  number 
of  duys  since  the  new  moon,  which 
is  found  by  the  following  rule:'  To 
the  c'pacl  add  the  number  and 
day  of  the  month,  which  will  be 
tlie  age  required,  if  less  than  thirty; 
and  if  it  exceed  thirty,  subtract 
this  number  from  it,  and  the  re- 
mainder will  be  the  age. 

Harvest  Mqom,  is  a  remarkable 
phenomenon  r-eluling  to  the  rising 
of  this  luminary  in  ihe  harvest  sea* 
son.  During  the  time  she  is  at  the 
full,  and  tor  a  few  days  before  aud 
after,  in  all  about  a  week,  there  is 
less  oiiference  in  the  time  of  her 
rising  between  any  two -successive 
nights  at  this  than  at  any  other 
time  of  the  year.  Ey  this  means 
•he  affords  an  immediate  supply  of 
light  after  sun-set,  which  is  very 
beneficial  in  gathering  in  the  fruits 
ef  the  earth  ;  and  hence  it  is,  that 
this  lunation  has  been  termed  the 
harvest  ntmm. 

in  order  lo  conceive  this  pheno- 
menon, it  may  first  be  considered, 
that  ilie  moon  is  always  opposite  to 
the  sun  when  she  is  full ;  that  she 
is  full  in  the  signs  Pisces  and  Aries 
in  our  harvest  months,  these  being 
the  sigus  opposite  to  Virgo  and 
Libra,  the  signs  occupied  by  the 
sun  about  the  same  season  ;  and 
because  those  parts  of  the  ecliptic 
rise  in  a  shorter  space  of  time  than 
others,  as  niay  easily  be  showt) 
and  illustrated  by  the  celestial 
globe;  con.sequently,  when  the 
moon  IS  about  her  full  in  harvest, 
she  rises  with  less  difference  of 
time,  or  more  iinmediately  after 
sun-set,  than  wjieii  she  is  full,  at 
4>iher  seasons  ol  the  year. 

Moon  Uial,  is  a  dial  which  shows 
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the  hours  of  the  night  by  the  liglil 
of  the  moon. 

JHUUTAUTY'  ^itlsofmoVtelity 
are  accounts  or  registers  specifying 
the  number  of  births  and  burials 
which  happen  in  any  town,  city,  or 
parish,  and  on  which  is  found edi 
ihe  doctrine  oijjife  Anntfi/tei  an4 
Assurances, 

MOTION,  or  Local  Motion,  iii 
Mechanics^  is  a  continued  and  suc^ 
cessive  change  of  place,  or  it  is 
that  affection  of  matter  by  which 
it  passes  from  one  pQint  of  space  to 
another.  Motion  is  of  various  kinds, 
as  follows  : 

AbsoluteJAotiOHt  is  the  absolute 
change  of  places  in  a  moving  body 
independent  of  any  other  moiiuu 
whatever;  in  which  general  sense^ 
however,  \t.  never  falls  under  our 
observation.  AH  those  motions 
which  we  consider  as  absolute,  are 
in  fact  only  relative  ;  being  refer- 
red to  the  earth,  which  is  iiself  in 
motion.  By  absolute  .motion,  there- 
fore, we  must  only  understand  tha( 
which  is  so  witii  regard  to  some 
fixed  point  upon  the  earth  ;  thi^ 
being  ihe  sense  in  which  it  is  deli- 
vered by  writers  on  this  subject. 

Accelerated  Motion,  is  that 
which  IS  continually  receiving  coiu 
Slant  accessions  of  velocity.    See 

ACCBLERATBD  MottOn, 

Angular  Motion,  is  the  mntioa 
of  a  body  as  referred  to  a  centre, 
about  which  it  revolves. 

Compound  Motion,  is  that  which 
is  produced  by  two  or  more^powers 
acting  in  ditlerent  directions.  Se^ 
Parallelogram  of  Forces. 

Equable  Motion,  or  Uniform 
Motion^  is  when  the  body  moves 
continually  with  the  same  velocity ,1 
passing  over  equal  spaces  in  equal 
times. 

Natural  Motion,  is  that  which 
is  iiatyral  to  bodies,  or  that  which 
arises  from  the  action  of  gravity. 

Relative  Motion,  is  the  change 
of  relative  place  in  one  or  more 
moving  bodies  ;  thus  two  vessels  at 
sea  are  in  absolute  motion  (accord- 
ing to  the  qualified  signification  of 
this  term)  t<>  a  spectator  standing 
on  the  shore,  but  they  are  only  it\ 
relative  motion  with  regard  to  each 
other.  "" 

Hj^arded  Motion,  is  that  which. 

all 
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MOV — 1 

Atoms  of  the  agent  oppoeed  to  the 
atoms  of  the  pi^^ut. 

It.  QaantiCy  of  motion,  (or  Jfe- 
mentum)  h  the  velocity  maltiplied 
by  the  number  of  atoms  moved. 

IS.  Impulse  of  motion  is  the 
transfer  of  motion,  either  by  eon- 
tact,  or  the  intervention  of  a 
lever. 

14.  All  motion  received 
pnlse.  is  in  the  direction 
Impulse. 

Xle^fH/low.— The  matter  which 
lies  between  a  body  moving,  and 
one  moved,  is  called  a  ieverj  and 
levers  may  consist  of  either  fixed, 
or  fluid,  or  gaseous  matter. 

15.  Levers  of  fixed  matter  trans- 
fer the  entire  impulse  of  the  agent ; 
and  resulting  velocity  of  the  pa. 
tient  to  tliat  of  the  agent  is  as  their 
number  of  atoms. 

10.  Either  gaseous  or  fluid  lerers, 
in  propagating  or  conveying  the 
motion  or  impulse  of  the  said  agent, 
radiate  or  diffuse  it;  and  the  mo- 
mentum  is,  therefore,  at  different 
disunces,  inversely  as  the  squares 
of  liie  distances. 

17.  Til  rough  both  species  of  le- 
ver, the  direction  of^  the  motion 
Acquired  by  the  patient,  is  the  di- 
rection of  the  simultaneous  ipotion 
of  the  agent. 

MOVEMENT,  is  softietimes  osed 
in  the  same  sense  as  motion,  but 
more  commonly  it  implies  the  in- 
ternal parts  of  machines,  particu- 
larly of  clucks  and  watches. 

MULTANGULAR  FIgun,  one 
that  has  many  angles. 

MULTILATBRAL  F^mre,  a  figure 
of  many  sides. 

MULTINOMIAL,  an  algebraical 
quantity  consisting  of  more  than 
three  terms;  though  this  last  is 
sometimes  called  a  multinomial, 
but  more  commonly  a  trinomial. 

Mux^TiNOMiAL  T%eorem,  is  a  ge- 
neral expression  or  formula,  for 
determinmg  any  power  or  root  of 
a  given  quantity  consisting  of  any 
number  of  terms. 

The  general  form  of  this  theo- 
rem is  as  follows : 
(A+  Ax  +  A««  +  A*»... .  Aaf«>»  = 
0        1  t  »  « 


Where  B  =s  A>" ;  and  B,  B,  B, 

0  0  1      «     3 

Stc,  are  the  co-efficients  of  the 
terms  immediately  preceding  thofte 
in  which  they  first  appear.  And 
ihe  manner  of  applving  this  theo- 
rem to  any  narticolar  case,  is  by 
substituting  the  numbers  or  letters 
in  Uie  given  example,  for  A,  A,  A, 

0.   1    t 
&c. ;  and  m,  as  in  the  binomial 
theorem,  which  sec. 

Thus,  for  example,  let  it  be  pro* 
posed  to  cube  the  series 

l+«-|-a«  +  «»+«*  +  «cc 

Here  A=sl.  A=£l,  As  I,  ite, 
0  1  2 

andinsS. 

Whence 

jt">s=l"*=l  =  B 

0  0 

wABsSxlXlsSsB 


A««  l-mAB.   r-+  jmAB 
10       A  j^ 

^r«i-I)AB 
1  1 

sss 


tJL 


6  =  B 

UnAi-f  («m-l)  AB +  (»-«)  AB 


so 


SA 

-     0 

j+15+i=B,&c.&c. 
B  s 

Therefore  ^  .  ,-^  .  -, 

1 -f  ax -H  «a^  +  Wa^  +  *^**  +  **^' 
is  the  cube  required. 
ReQuired  the  cube  roc»t  of  the 

serie?  l+i*-fi^ +  *?  +  ?*"•*. 
Here  A  =  1,  A=r4,  A  =  J    *o. 

.and  «  =  1. 
Whence 
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8 


I 


OAB 
11 


>i=B 


iAB  +  C 


«—a)  AB 
■   1« 


»A 

0 

f 

Therefore 

is  cnbe  root  of  the  se  lies  proposed. 
See  Bonnycastle's  Algebra. 

MULTIPLE,  in  Arithmetic,  is  a 
number  which  contains  another 
number  a  certain  number  of  times. 

Vompum  MuLTiPLK  of  two  or 
more  numbers,  is  ibat  which  con- 
tains those  numbers  a  certain  num- 
ber of  tiroes. 

.  To  find  the  least  common  Multi- 
ple of  several  Numbers.~Divjide 
them  repeatedly  by  numbers  uken 
by  trial,  till  no  number  will  divide 
two  of  the  remainders,  then  the 
product  of  all  the  divisors  and  re. 
mainders  is  the  least  common  mul- 
tiple. 

JSrample.— Required  the  least 
common  multiple  of  7,  35.  43.  30, 
and  24.  »      f     *     » 

-  -  by  7 
>by3 

7- by  5 
-f-by  2 

-Vby£ 


Then  7x3X«X2X2X  2  =  840, 
the  least  common  multiple. 

MULTIPLICAND,  in  ilrifAmeric, 
whatever  is  multiplied. 

MULTIPLICATION,  is  one  of  the 
principal  operations  in  arithmetic 
and  algebra ;  and  consists  in  find- 
ing the  amount  of  a  given  number 
or  quantity,  called  liie  multipli- 
cand, when  repeated  a  certain 
number  of  times  expressed  by  the 

■  1 


7, 

«5,4«,20, 

94 

5. 

«, 

80, 

24 

«, 

2, 

20, 

8 

1, 

2, 

4, 

8 

1, 

1. 

2, 

4 

1, 

1, 

h 

2 

the  nmlUpller  and  multiplicand 
are  commonly  called  factors,  ft uW 
tiplication  it  either  simple  or  com- 
pound.   - 

MvLTi>LiCATioil  is  StthpU  when 
the  proposed  'quantities  aie  integ- 
ral  numbers,  in  this  the  multipn* 
cand  must  be  Aialtiplied  by  each 
figure,  of  the  multiplier,  and  the 
products  added'together,  each  pro- 
doci  must  be  placed  as  far  to  the 
left  atf  the  fi|[ures  from  which  it 
arises,  reckonmg  Imlh  in  the  mul- 
tiplier and  multiplicand, 

PrWif  of    MULTIPMCATION.       1. 

Invert  the  operation,  by  making 
the  multiplier  and  multiplicand 
change  places,  and  if  you  thus  ob- 
tain the  same  result,  it  is  highly 
probable  the  work  is  light. 

2.  Cast  out  all  the  8's  from  tha 
multiplier,  multiplicand,  and  pro- 
duct; and  multiply  the  overplus  of 
the  two  former  together,  and  cast 
the  9*s  out  of  this  product ;  then  if 
this  remainder  be  tlie  same  as  that 
arising  from  the  total  product,  the 
operation  is  probably  right ;  but  if 
not,  it  is  certainlv  wrong.  The  er* 
ror  must,  when  tuis  proof  answers, 
always  be  0,  or  a  multiple  of  9. 

This  proof  depends  u)X)n  this  pro- 
perty, that  any  number  divided 
by  9,  will  leave  the  same  remain- 
der, as  the  sum  of  its  digits  when 
divided  by  the  same  number. 

3.  Another  proof  is,  the  Ist,  3d, 
5th,  &c.  being  taken  from  the  sum 
of  the  digits  in  the  2d,  4tli,  &c. 
places*;  the  remainder,  wHen  divid- 
ed by  11,  will  leave  the  same  over- 
plus, as  the  whole  number  when 
divided  by  11.  If  the  former  sum 
be  greater  than  the  latter,  as  many 
times  11  must  be  added  to  it,  as  will 
render  the  latter  sutfi  the  greater 
of  the  two.  This  being  observed, 
the  proof  by  this  number  will  be 
the  same  as  in  tlie  former  case. 

BXAMPLX. 

45684  multiplicand 
4374  multiplier 


tliis  ainoiu\t  is  tLe-V 
tfM  pro^ct*,  utov 


182736 
319788 
137052 
162738 

m   '   — 
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Tke  other  proof  by  inverting  the 
operation  depends  npon  thia;  that 
the  product  of  two  numbers  is  the 
same  whicli  ever  of  the  two  is  the 
multiplier ;  or  generally  that  a 
times  b,  is  the  same  as  o  times  a  / 
which,  though  generally  consider- 
ed as  an  axiom,  is,  in  fact,  a  pro> 
position,  and  one  that  is  not  very 
easily  demonstrated,  except  by  a 
geometrical  diagram. 

Compound  Multiplication,  is 
the  metlidd  of  finding  the  product 
arising  from  a  compound  and  sim- 
pie  quantity ;  or  of  two  compound 
quantities  of  different  kinds;  or 
even  in  some  cases  of  two  com- 
pound quantities  of  the  same  kind. 
In  all  these  varieties  the  product 
is  of  the  same  kind  with  the  multi- 
plicand. 

Rttle*  Place  the  multiplier  under 
the  lowest  denomination  of  the 
multiplicand ;  and  multiply  this 
denomination  by  the  muliiplier. 
Find  how  many  units  of  the  next 
higher  denommation  are  contain* 
ed  in  the  product;  set  down  the 
remainder,  and  carry  the  units  to 
the  next  product,  with  which  pro- 
ceed  as  before,  and  so  on  through 
all  the  denominations  to  the  last ; 
and  the  result  will  be  the  answer 
required. 

If  the  multiplier  exceed  IS,  the 
operation  will  be  much  simplified, 
as  follows : 

1.  If  the  given  multiplier  be  a 
ooraposite  number,  multiply  suc- 
cessively by  each  of  its  factors,  in- 
stead of  the  whole  number  at  once. 

It.  If  the  given  multiplier  be  not 
a  composite  number,  take  that 
which  is  nearest  to  it,  aiui  multi- 
ply by  iis  factors  as  before;  then 
add  or  subtract  a.^  many  limes  the 
first  line,  as  the  number  so  taken 
is  less  or  greater  than  the  multi- 
plier. 

a  Multiply  by  10  till  there  be  as 
many  lines  as  there  are  figures  in 
the  multiplier.  Multiply  the  first 
line  by  the  units,  the  second  by 
the  tens,  and  so  on  ;  then  add. 

Also  if  there  be  any  fractional 
part  belonging  to  the  muliiplier, 
tHke  such  part  of  the  multiplicand, 
as  this  fraction  is  of  a  unit,  and 
add  it  to  the  result  before  found. 
il7 
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Multiply  £7  I3s,  4^.  by  34, 

£  *.  d. 
S4S.4XG  7  13    44 

4 


80  13    6 
6 


Prodact£lS4    1    0 


Multiply  £3  1S«.  9^d.  by  17). 

£  s,    d. 
l7i  =  4X*+I+J        3  15    6| 

4 


4=    15    t    '2 
4 

4><4=:£    60    8    8 
1=      3  15    «J 
4=      1  17    9J 

Product  174  =7  £60    1  11} 


Multiply  £2  lis,  3d.  by  4456. 
£.  #.   d,  £.  s.  d, 
2  11    3  X6=       15    7    6 
10 

25  12    6X5=     1$8    2    6 
W 

256    5    0  X  2=     512  10    0 
10^ 

2562  10    OX  4=:  10250    0    0 

Product  £10006    0    0 

Multiplication  of  Fractions, 
is  performed  by  the  following 

Rule,  Reduce  all  mixed  num- 
bers to  improper  fractions;  and 
then  multiply  the  numerators  to- 
gether  for  numerator,  and  the  d«. 
nominators  together  for  denomi- 
nator, which  will  be  the  answer  i  e  • 
quired. 

Note.  All  factors  that  are  com- 
mon both  to  the  numerators  and 
denomuiators,  may  be  cancelled 
or  omitted,  by  which  means  the 
result ubtttiacd  wilLbe  in  its  lowest 
terms. 

XX%MPLK<. 

•3t  D^ 
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Multiplication  of  DecUnait,  is 
pertormed  tbe  same  as  iulhe  aim 
pie  rule,  except,  that  in  tlie  pro- 
duct as  many  decimal  places  must 
be  pointed  off  from  the  right  hand, 
as  are  equal  to  the  number  of  de- 
cimals in  both  factors ;  and  if  there 
are  not  so  many,  the  defect  must 
be  supplied  by  prefixing  ciphers. 

XXAMPLBS* 

Multiply      41-364  • 
by  7-388 

33U  91$ 
827  38 
124092 
280  548 


Product  303-115  311^ 


Multiply 
by 


•14  68 

58  72 
146  8 


Product  '0205  52 

MtJLTiPLiCATioN  of  Circulating 
decimals,  is  performed  by  con- 
verting the '  circulates  into  their 
proper  fractions,  and  multiplying 
them  together  by  the  rule  fbr  mul- 
tiplication of  fractions ;  or  by  find- 
ing the  product  by  the  interminate 
decimals,  dividing  it  by  as  many 
nines  as  there  are  circulating 
figures,  and  adding  the  quotient  to 
the  product. 

Multiplication  in  Algebra,  is 
the  method  of  finding  the  product 
arising  from  the  multiplication  of 
any  two  or  more  indeterminate 
quantities ;  which  may  be  divided 
into  two  cases. 

Case  1.  When  the  multiplier  and 
multiplicand  are  both  simple  quan- 
tities. 

Rule*  Multiply  the  co-efficients 
of  the  two  quantities  together,  as 
in  arithmetic ;  and  annex  to  the 
result  all  the  letters  in  both  factors. 
But  if  two  or  more  letters  that  are 
alike,  as  aa,  bbb,  xxxx,  &c.  enter 
into  the  product,  these  are  to  be 
represented  by  a*,  6'*,  a:*,  &c.  With 
regard  to  llie  sign  to  be  prefixed, 
if  the  factors  are  both  affected 
with  the  sit;n  -f,  or  both  with  the 
sign  — ;  the  sign  to  be  prefixed  to 
ttie  product  must  be  -|—  But  if 
one  of  the  factors  be  -f*  a^ui  the 
SIB 


ether  —,  the  sign  of  the  product 
must  be  — .  This  is  generally  ex- 
pressed by  sayinf,  like  signs  pro- 
duce plus,  and  unlike  signs  minu$, 

XXAMPLtB. 

1.  4mbx      9ab   =     t^aabb 

~24««6^ 

2.  5*yX      7a:«|^=      35  ar*y» 

3.  3«y  X— 4a:y«=— r2j«y« 
4.— 4a6X— 3crf   =-{-l2abcd 

Case  3.  When  the  multiplier  and 
multiplicand  are  both  compound 
quantities. 

Rule.  Beginning  at  the  teft-hand, 
multiply  each  terni  in  the  multi- 
plicand, by  each  term  in  the  mul- 
tiplier, by  the  last  rule;  and  the 
sum  of  the  several  products  will 
be  the  answer. 

Note,  It  is  best  to  remove  the 
leading  term  of  each  product,  one 
place  more  to  the  right  hand. 


KX 

a.-\r  b 

AMPLES. 

7«a-t-  Sab'' 
3a* -f     a  6« 

d*+   ab 

ab-\-bi 

•-6i«*-fl5a^6< 

-+-  Ja^b*-}- Sa'^b* 

cfi-\-2ab-\-b* 

21tf*  -f  2««S6  H-  5a*6* 

7y  +  4« 

itry  — 2a« 
Sar.y  -^2«« 

7^  +  4y« 

—  7yz — iz^ 

9x'j^  —  Qxyz"^ 

+  6ayz^  — 4z9 

7y*— 3y«-4«' 

9x^y    •             —  4«^ 

MuLriFLiCATiON  of  Algebraic 
Fractions,  is  pertormed  by  the  fol* 
lowing 

Rule.  Reduce  all  mixed  expres- 
sions to  improper  fiaciions ;  thea 
multiply  all  the  numerators  toge- 
ther for  a  new  numerator ;  and  the 
denomiiiHiors  together  for  a  new 
denominator,  and  the  result  will 
be  the  product  required. 

Note.  All  factors  that  are  com- 
mon lo  the  numerators  and  deno- 
minators, may  be  cancelled  or 
omitted. 

EXAMPLES. 

3  ffftg        4ac'i      b        Ac  ^  A  be 

'     cd  3a-b~  d        1  oT 

x'^—1^         S'    _  xz  —  yz 

7z       'x-\-y~       7 

3  ^~y  X ^"^'^- ^~y^ 

3a^  (j<  ia^b^ 
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Multiplication  of  Surds,  it  the 
nielhud  of  finding  the  prodoct  of 
two  or  more  irrational  factors. 

Rule.  Reduce  the  given  "sords  to 
their  siniptetit  toriii ;  and  the  radi- 
cal part*  thus  arising  to  like  radi' 
cats;  then  multiply  the  co-efficients 
together  for  a  new  co-efficient,  and 
the  surds  together  for  a  new  surd ; 
which  being  annexed  to  the  pre- 
ceding product,  will  be  the  answer 
requited. 

Sote.  If  the  radicals  be  not  the 
same,  but  the  quantities  under  them 
be  equal,  the  multiplication  will 
be  performed  by  the  addition  of 
the  indices  representing  those  ra» 
dicais. 

KXAMPLBS. 

1.     v/7x  -v/fiX  V3  =  V  IW 

3  V  2*  =  3j:  V  6  a:^y  =  3a^  V  «y 

3.  -^  7ci6  X  -^  4tf^c  =  "^  28  a\b  =• 

4.  ai  X  «J  =  oi  +  i  =  a*  =  V «* 


.  S.  •  a"*  X  «« 

I  I 


*<7  +  inj» 
n  m 


0.  .  a"«X  6«  =«"»•  X  *»•♦»  = 

Multiplication  by  Logarithms* 
See  LooAaiTUHs. 

Multiplication  Tabhf  a  small 
table  contaiiiing  the  products  of 
all  the  simple  digits,  at  least  this 
is  its  natural  limits,  though  it  is 
most  commonly  carried  as  far  as 
12  limes  12. 

MULTIPLIEK,  or  MuMffiieator, 
the  number  by  which  another  iv 
multiplied. 

MURAL  Arch  (from  mums,  a 
wall;,  a  wall,  or  arched  wall, 
placed  exactly  in  the  plane  of  the 
meridian,  for  fixing  a  large  quad- 
rant, sextant,  or  other  instrument, 
to  observe  the  meridian  altitude. 
Sec.  of  the  heavenly  bodies. 


N. 


r  NADIR,  that  point  of  the  heavens 
which  is  diuinetrically  under  our 
feet,  or  opposite  to.  the  zenith 
which  is  directly  over  our  heads. 
The  zenith  and  nadir  are  the  poles 
of  the  horizon. 

The  Sun*s  Nadir  is  sometimes 
used  to  denote  the  vertex,  the 
earth's  shadow  arising  from  the 
interception  of  the  solar  rays. 

NAPIER'S  Bods  or  Bones,  a 
method  contrived  by  Lord  Napier, 
the  iuventor  of  the  logarithms,  for 
the  more  easy  performing  of  the 
arithmetical  operations  of  multi- 
plication, division,  &c.  These  rods 
are  live  in  number,  made  of  bone, 
ivory,  horn,  wood,  or  pasteboard, 
&c.  Their  faces  are  divided  hito 
nine  liitle  squares,  each  of  which 
is  parted  into  two  triangles  by  dia- 
gonals. Ill  these  little  squares  are 
written  the  numbers  of  the  multi- 
plication  table  ;  in  such  manner  as 
that  the  units,  or  right-hand  figures, 
are  found  in  the  right-hand  tri* 
angle:  and  the  tens,  or  the  left- 
hand  figures,  in  the  left-hand  trian- 
gle, lo  multiply  numbers  by 
Napier's  bones,  dispose  the  rods  in 
such  manner,  as  that  the  top  figures 
ziiay  exhibit  the  multiplicand^  and 
310 


to  those  on  the  left  hand,  join  the 
rod  of  units  :^  in  which  seek  the 
right-hand  figure  of  the  multiplier; 
and  the  numbers  corresponding  to 
it,  in  the  squares  of  the  other  rods, 
write  out,  by  adding  the  several- 
numbers  occurring  in  the  same 
rhomb  together  .  i^nd  their  sums. 
After  the  same  manner  write  oat 
the  numbers  corresponding  to  the 
other  figures  of  the  multiplier,  dis- 
posing them,  nndei". one  another  as 
in  the  common  inultiplication  ;  and 
lastly,add  the  several  numbers  into 
one  sum. 

NAVIGATION,  the  art  of  sailing, 
or  of  conducting  a.  vessel  on  the 
ocean,  and  is  usually  divided  into 
navigation  common,  i^id  naviga- 
tion proper ;  the  former  relating  to 
what  is  otherwise  called  coasting^ 
or  such  voyages  as  are  conducted 
along  the  coast,  or  shore  of  a 
country,  and  in  which  the  naviga- 
tor seldom  or  never  loses  sight  of 
land.  And  the  otlier  to  those  voy- 
ages made  from  one  countiy  to 
another,  through  .the  trackless 
paths  of  the  largest  seas  and  oceans. 

The  Phaenicians,  « particular]^ 
those  of  Tvre»  are  generally  consi- 
dered as  the  first  people  who  made 
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luiy  great  advances  in  thU  iin|K>r. 
tant  wru  These  were  afterwards 
IMlowed  op  by  the  Carthagenians, 
who  discovered  the  Fortanate 
Islands*  or  the  Canaries ;  and  even, 
aecordiug  to  some  authors,  Ame- 
rica was  visited  by  this  enterpris* 
ing  people,  but  of  this  there  is  not 
•afficient  proof.  From  Carthage 
and  Tyro  commerce  and  naviga- 
tton  were  transferred  princiirally 
to  Alexandria,  which  latter  city, 
when  under  the  Romans,  was  only 
inferior  to  Rome  itself,  tlie  latter 
being  snpnlied  with  its  nierchan* 
dize  wholly  from  the  magazines 
of  the  former.  Constaniinople  be- 
came i^lterwards.  the  centre  of 
commerce,  and  navigation  was  for 
a  long  time  porsoed  with  great 
ardoar  by  Uie  merchants  of  that 
city ;  after  this  time  it  began  to 
spread  itself,  though  slowl^', 
iMnongst  the  several  European 
cities  and  nations.  Genoa  and  Ve- 
nice are  particularly  distinguished 
for  the  active  part  they  took,  in 

Sromoting  this  important  branch  of 
aman  knowledge.  The  crusades 
contributed  in  a  great  measure 
to  the  revival,  or  at  least  to  the 
more  rapid  progress  of  commerce 
and  navigation ;  for  the  Genoese, 
the  Pisans,  Venetians,  &c.  furnish- 
ed the  transports  which  carried 
those  vast  armies,  composed  of  all 
the  nations  of  Europe,  into  Asia 
upon  this  wild  enterprise,  and  like* 
wise  supplied  them  with  provisions 
and  military  stores. 

Navigation  was  not,  however, 
confined  only  .to  these  religious 
fanatics;  other  travellers,  beside 
those  whom  a  mistaken  religious 
seal  sent  forth  to  Asia,  ventured 
into  remote  countries,  from  the 
prospect  of  commercial  advantap[e, 
or  from  motives  of  mef-e  curiosity. 
Of  these  the  nuMt  eminent  was 
Marco  Polo,  a  Venetian,  of  a  noble 
family,  about  the  year  13(19;  and 
he  WHS  succeeded  about  half  a 
century  after  by  Sir  John  Mande* 
rilie,  an  Englishman. 

But  the  present  art  of  navigation 
owed  its  rise  to  the  invention  of 
the  mariner's  compass,  in  the  be- 
l^nning  of  the  fourteenth  century ; 
and  made  considerable  progress 
faring  the  voyages  tiiat  were  be- 
gygi  in  the  year  1418  by   Henry 


Duke  of  Visco.  This  learned  prinav 
was  particularly  skilled  in  cosmo* 
graphy,  and  employed  a  person 
from  the  island  of  Minorca  to  teach 
navigation,  and  to  make  instru- 
ments and  charts  for  the  sea. 

These  voyages  being  greatly  ex- 
tended after  the  discovery  of  Porto 
Sanlo  and  Madeira,  the  art  was 
improved  under  the  succeeding 
monarchs  of  Portugal ;  so  ranch 
that  Roderic  and  Joseph,  physi- 
cian!) to  John  II.,  together  with  one 
Mania  de  Bohemia,  a  Portuguese, 
native  of  the  island  of  Intyal, 
a  pupil  of  Regiomontanns,  about 
the  year  14A5,  calculated,  for  the 
use  of  navigators,  tables  of  the 
sun's  declination,  and  recommend- 
ed the  astrolabe  fur  taking  obser- 
vations at  sea.  About  this  time 
Columbus,  a  native  of  Genoa,  hav- 
ing  thoroughly  acquainted  himself 
with  the  discoveries  and  observa. 
tions  of  the  Portuguese,  and  having 
also  considerable  experience  in 
the  art  of  navigation,  made  a  pro- 
posal to  John  II.  of  exploring  a 
passage  to  India,  by  sailing  directly 
towards  the  west  across  the  Atlan- 
tic Ocean. 

John  rejected  this  proposal  in  a 
very  dishonourable  manner;  and 
Columbus  instantly  quitted  the 
kingdom,  and  landmg  in  Spain  to> 
wanls  the  close  of  the  year  1484, 
he  resolved  to  propose  his  plan 
to  Ferdinand  and  Isabella,  with 
whom,  after  repeated  application 
and  long  delay,  he  ultimately  suc- 
ceeded. In  August,  1492,  ColumbuSp 
furnished  with  a  small  armament 
of  three  ships,  set  sail,  and  steered 
directly  for  the  Canary  Islands; 
from  thence,  holding  nis  course 
due-west,  he  stretched  away  into 
unfrequented  and  unknown  seas. 
After  many  difficulties,  he  at  length 
arrived  at  Guanahani,  one  of  the 
large  cluster  of  islands  called  the 
Xncaya,  or  Bahama  Isles.  He  also 
discovered  Cuba,  Hispaniola,  and 
several  other  small  islands ;  and 
having  left  a  small  colony  in  a  fort 
at  Hispaniola,  returned  to  Spain  in 
March ,  1493.  In  September  follow, 
ing  he  set  out  on  his  second  voy- 
age, and  sailed  by  the  Leeward 
Islands  to  Hispaniola.  In  a  third 
voyage,  undertaken  in  the  year 
U98,  he  discovered  the  contiuent 
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of  America ;  and  in  the  same  year, 
Va-scode  Gama  returned  to  Lisbon, 
from  a  voyage  to  the  East  Indies 
by  the  Gape  of  Good  Hope.  Co- 
lumbus, it  is  said,  before  he  at* 
tempted  the  discovery  of  America, 
consulted  Martin  de  Boliemia,  as 
Weil  as  others,  and  during  the 
course  of  his  voyage  instructed  the 
Spaniards  in  navigation ;  for  the 
improvement  of^  which  art,  the 
emperor  Charles  Y.  afterwards 
founded  a  lecture  at  Seville..  This 
Art  was  considerably  improved  by 
the  discovery  of  the  variation  of 
(he  compass,  and  by  the  use  of 
the  cross-staff.  At  length  there 
were  published,  in  Spanish,  two 
treatises  containing  a  system  of 
the  art,  which  were  in  great  esteem, 
the  first  by  Pedro  de  Medina,  at 
Valladolid,  in  1545,  called  "  Arte 
de  Navegar;"  the  other  at  Seville 
in  1550,  by  Martin  Cortes,  under 
tlie  tiile  of  "  6reve  Compendio  de 
la  Sphera  y  de  la  Arte  de  Navegar, 
con  neuos  Instramentos  y  Reglas." 
This  is  said  to  have  been  composed 
at  Cadiz  in  1545;  and  a  translation 
of  it  was  published  in  London, 
which  passed  through  several  im- 
pressions. Besides  the  improve- 
ment which  the  art  of  navigation 
received  from  the  proposals  of 
Werner,  and  Gemma  Frisius,  for 
finding  the  longitude,  it  was  much 
promoted  by  Pedro  Nunez,  or  No- 
nius,  who  composed  a  treatise  on 
this  subject  so  early  as  1537,  in  the 
Portuguese  languagti,  which  thirty 
years  after  was  printed  at  Basil  in 
Latin,  with  additions,  under  the 
titt^  of  "  De  Arte  et  Ratione  Navi- 
gandi."  In  this  work  the  errors 
of  the  plane  chart  are  exposed, 
tfnd  the  problem  of  deterniining 
the  latitude  from  two  observatiouR 
of  the  sun's  altitude,  and  the  in- 
termediate azimuth,  is  resolved. 
In  1577,  Bourne  published  his 
treatise,  entitled  '*  A  Regimen  for 
the  Sea,"  and  intended  a^  a  sup- 
plement to  that  of  Cortes.' 

The  mistakes  of  Medina  were 
well  exposed  by  Michael  Coignet, 
a  native  of  Antwerp,  who,  in 
7.581,  published  a  small  treatise,  en- 
titled **  Instruction  Nouvelle  des 
Points  plus  excellenset  necesxaires 
touchant  I'Arte  de  Navigar."  In 
Che  same  year  Robert  Noranita  pub- 
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lished  his  discovery  of  the  dip> 
ping-needle,  in  a  pamphlet  called 
the  "  New  Attractive,"  to  which  is 
always  subjoined  William  Bur 
rough's  *'  Discourse  of  the  Variar- 
tion  of  thie  Compass."  In  1594, 
Captain  John  Davis  published  a 
small  treatise,  entitled  the  "  Sea- 
men's Secrets,"  which  was  much 
e'steemed  in  its  time.  The  writers 
of  this  period  complained  much  of 
the  errors  of  the  plane  chart, 
wh4ch  continued  still  in  use,  iX' 
though  they  were  unable  to  disco- 
ver a  proper  remedy,  till  Gerrard 
Mercator  contrived  his  nniversal 
map,  which  he  published  in  ISOd*, 
without  clearly  understanding  the 
principles  of  its  construction  ;  these 
were  first  discovered  by  Mr.  Ed* 
ward  Wright,  who  setat  an  account 
of  the  true  method  of  dividinj^ 
the  meridian  from  Cambridge, 
where  he  was  a  fellow,  to  Mr. 
Blundeville,  with  a  short  table  for 
that  purpose,  and  a  specimen  of  a 
chart  so  divided.  These  were  pub- 
lished by  Blundeville  in  15d4, 
among  his  exercbes  ^  to  the  later 
editions  of  which  was  added  hi^ 
*•  Discourse  of  Universal  Maps," 
first  printed  in  1589.  Rpwever,  in 
1590,  Wright  printed. his  "  Correc- 
tion of  certam  Errors  in  Naviga- 
tion," in  which  work  he  shows  uie_ 
reason  of  this  division,  the  manner 
of  constructing  his  table,  and  its 
uses  in  navigation.  .  A  second  edi- 
tion of  this  treatise,  with  farther 
improvements,  was  printed  in  1010; 
and  a  third  edition,  by  Moxon,  in 
Ij657.  The  method  of"^  approxima- 
tion, by  what  is  called  the  middle 
latitude,  now  used  by  our  sailors, 
occurs  in  Gunter's  works,  first 
printed  in  1623.  About  this  time 
logarithms  began  to  be  introduced, 
which  were  applied  to  navigation 
in  a  variety  of  ways  by  Gunter ; 
though  the  first  author  who  appli- 
ed the  logarithmic  tables  to  the 
cases  of  sailing  was  Thomas  Addi< 
son,  in  his  "**  Arithmetical  Naviga- 
tion," printed  in  1025.  In  103ff, 
Gellibrand  printed  **  A  Discourse 
Mathematical  on  the  Variation  of 
the  Magnetic  Needle,"  containing 
his  discovery  of  the  changes  toi 
which  the  variation  is  subject.  lu 
.1031,  Richard  Norwood  published  ' 
an  excellent  ''Treatise  of  Trigono- 
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■utiy/'  adapted  to  the  invention 
f>f  logariUims,  particularly  in  ap- 
plying Neper's  generals  canons; 
and  tor  the  foruier  improvement 
of  navigation,  he  undertoolc  the  la- 
borious work  of  measuring  a  degree 
of  the  meridian  for  examining  the 
divisions  of  the  log-line.  Of  this 
affair  he  has  given  a  full  and  clear 
account  in  his  '*  Seaman's  Prac- 
tice/' first  published  in  1637 ;  where 
he  also  describes  his  own  ezc'eUenl 
method  of  setting  down  and  per- 
fecting a  sea-recl(onin|(,  &c.  This 
treatise,  and  that  of  trigonometry, 
were  continually  reprinted,  as  the 
principal  books  for  learning  scien- 


What  he  had  delivered,  especially 
In  the  latter  of  them,  concerning 
this  subject,  was  contracted  as  a 
nanuel  for  sailors,  in  a  very  small 

Siece,  called  his  **  Epitome,*'  which 
as    gone    through   innumerable 
editions. 

About  the  year  I84S.  Mr.  Bond 
published,  in  Norwood's  "Epito- 
me," a  very  great  improvement  in 
Wright's  method,  by  a  property  in 
his  meridian  line,  whereby  bis  di- 
Tiaions  are  minre  scientifically  as- 
signed than  the  anther  himself 
was  able  to  effect;  whieh  he  de- 
duced from  this  theorem,  that 
these  divisions  are  .analogous  to 
the  excesses  of  the  logarithmic 
tangents  of  half  the  respective  la- 
titudes, augmented  by  forty-five 
degrees  above  the  logarithm  of  the 
radius ;  this  he  afterwards  explain- 
ed more  fully  in  the  third  edition 
of  Gunter's  works,  printed  in  1653  ; 
and  the  demonstraiion  of  the  ge- 
neral theorem  was  supplied  by 
James  Gregory  of  Aberdeen,  in  his 
— " .  Exercitationes  Geometries," 
printed  at  London  1688 ;  and  after- 
vardsby  Dr.  Halley,  in  Phil.  Trans. 
No.  219,  and  1»y  Cotes,  Phil.  Trans. 
No.  388.  In  1700,  Mr.  Bond,  who 
imaguied  that  he  had  discovered 
the  longitude,  by  having  found  out 
the  true  theory  of  the  magnetic  va- 
riation, published  a  general  map, 
on  whicn  were  delineated  curve 
lines,  expressing  the  paths  where 
tlie  magnetic  needle  had  the  same 
variation :  the  positions  of  these 
curvei  will,  indeed,  continually 
■Buffer  alterations  \  bat  they  (houVd 


they  have  already  been  for  the 
years  1744  and  1756,  by  William 
Mountaine  and  James  Dobson.  The 
allowances  proper  to  be  made  for 
leeway  .  are  very  particularly  set 
down  by  John  Buckler,  and  pub- 
lished in  a  small  tract  first  printed 
in  1702,  entitled  *'  A  New  Compen- 
dium of  the  whole  Art  of  Naviga- 
tion," written  by  William  Jones. 

As  it  is  now  generally  agreed 
that  the  earth  is  a  spheroid,  whose 
diameter  at  the  poles  is  shorter 
than  the  other,  Dr.  Murdoch  pub- 
lished a  tract  in  1741,  in  which  he 
accommodated  Wright's  sailing  to 
such  a  figure ;   and    Maclaurin,  in 


nfically   the    art    of   navigaiioiu  the  same  year,  gave  a  rule  in  the 
"""  .....         .  PhiT.  Trans.  No.  461,  for  determin 

in^  the  meridional  t>arts  of  a  spe 
roid,  which  speculation  he  has  far- 
ther prosecuted  in  his  *'  Fluxions," 
printed  at  Edinburgh  in  17^E2. 

The  principal  foreign  writers  on 
navigation  are  Bartolomew  Cre- 
scenti,  of  Rome,  in  1607;  father 
George  Fournier,  at  Paru,  in  1633  ; 
John  Baptist  Riccioli,  at  Bologna, 
in  1661 ;  father  Millet  Dechales,  in. 
1674  and  1677 ;  the  sieur  Blon* 
del  St.  Austin,  in  1671  and  1878; 
M.  Dassier,  in  1683;  M.  Sanyenr, 
in  1602 ;  If.  Bouguer,  in  1606 ;  fa- 
ther Pazenas,  iii  1733  and  1741  ; 
and  M.  Peter  Bouguer,  who,  in 
1753,  published  a  very  elaborate 
treatise  on  this  subject,  entitled 
"  Nouveau  Traits  de  Navigation," 
in  which  he  gives  a  variation  com- 
pass of  his  own  invention,  and  at- 
tempts to  reform  the  log,  as  he  had 
done  in  the  Memoirs  of  the  Aca- 
demy of  Sciences  for  1747.  He  is 
also  very  particular  in  determining 
the  lunations  more  accurately  than 
by  the  common  metliods,  and  in 
describing  the  correction  of  the 
dead  reckonings.  This  book  was 
abridged  and  improved  by  M.  de 
Lacaille,  in  1760  ;  to  these  we  may 
add  Don  George  Juan,  of  Spain,  iu 
1757. 

Those  who  are  desirous  of  perus- 
ing a  fuller  account  of  the  progress 
of  navigation,  may  consult  Dr. 
James  Wilson's  pi-etace,to  Dr.  Ro- 
bertson's "  Elements  of  Naviga- 
tion." 
NAUTICAL,  relating  to  Naviga- 
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tally  imaginary,  itxtuglit  notto  be 
introduced  into  a  science,  the  ex- 
cellency of  which  depends  upon 
the  rigour  and  certainly  of  Its  con- 
clusions ;  while  others,  ronning 
into  the  oppiuMte  extreme,  have 
endeavoured  to  illustrate  what 
'Will  not  admit  of  illustration ;  and 
thus,  like  other  zealots,  have  been 
the  greatest  enemies  of  the  cause 
they  were  so  anxious  to  defend. 

It  is  in  vain  to  attempt  to  define 
vhat  can  have  no  possible  exist- 
ence;, a  quantity  less  than  nothing 
is  totally  incomprehensible  ;  and 
to  illustrate  h,  by  reference  to  a 
debtor  ana  creditor  account,  to  say 
the  leastof  it,  is  highly  derogatory 
to  this  most  extensive  and  compre- 
hensive  science. 

The  apparent  anomalies  resulting 
from  the  introduction  of  this  cha- 
racter  have  arisen  from  giving  to 
this  symbol  the  same  generaiity  as 
belongs  to  the  sign  -\-  or  addition. 
"When  two  quantities  are  to  be  add- 
ed together,  as  a  and  6,  it  is  per- 
ff  ctly  indifferent  which  of  them  is 
placed  first,  for  a  -^  b  ia,  in  every 
xespect,  the  same  sab-f'aj  bnt  if 
the  difference  of  them  is  to  be  ex- 
pressed, this  is  not  the  case;  a — 6 
and  1^  —  a  being  totally  diflerent; 
if  a  is  greater  than  6,  then  a — 6  is 
a  real  quantity  equal  to  the  differ- 
ence of  a  and  b  ;  but  b  —  a  is  an 
imaginaryquanlity  arising  from  a 
suppositious  operation,  vi^.  of  tak- 
ing a  greater  quantity  from  aless; 
yet  this  expression,  considered 
merely  as  an  algebraical  symbol, 
may  still  enter  as  such  into  Uie 
steps  of  any  process,  and  will  ulti- 
mately produce  a  legitimate  result; 
but,  in  order  to  this,  we  must  first 
have  certain  rules  laid  down  for 
operating  on  such  quantities,  ac- 
commodated to  their  particular  na- 
ture,, and  which  must  be  such  as 
necessarily  arise  from  principles 
previously  established. 

If  it  be  required  to  add  to  the 
quantity  c  the  residual  a — 6,  it  isT 
obvious  that  the  sum  is  c-^a  —  6. 
And  if,  on  the  other  hand,  we  have 
to  subtract  from  c  the  quantity  a 
—  6,  we  must  first  subtract  a,  which 
fi4ves  c  —  a;  but  we  have  now 
taken  away  t'oo  much  by  the  qunn- 
tity  fr,  and  this,  therefore,  muse  be 
Mkled  to  the  result,  luakins.  the 
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true  remainder  c-<- a '4-^/  thtfrew 
fore  to  subtract  a  negative  quan- 
tity is  the  same  as  to  add  a  posi- 
tive one ;  that  is^  we  must  change 
the  sign  from  —  to  -{-. 

Again,  if  it  were  required  to  ma], 
tiply  4-  «  by  -|-  6,  we  know  the 
product  to  be  abj  and  if  4~  a  be 
multinlied  by  a  quantity  less  than 
b,  as  o  —  c,  the  product  must  ne- 
cessarily be  less  than  ab;  that  is, 
from  the  product  of  a  multiplied 
by  b,  we  must  take  the  product  of  a 
X  by  c;  hence  a  x  (b — c)  must  be 
expressed  by  ab  —  ac  ;  therefore 
It  follows  that  -^  ax  —  c  gives  for 
a  product  —  ac ;  that  is,  -f-  plu» 
into  —  minust  gives  —  tnintu. 

If  now  we  consider  the  pro- 
duct arising  from  the  multiplica- 
tion of  the  two  quantities  (a  —  b} 
and  (c  —  d),  we  know  that  it  it 
less  than  that  of  ( a  —  6 )  X  c,  or 
ofac — 6c,  by  the  product  of  (a— 
b)  X  d:  or  thus,  the  product  of  (a 
—  b)  X  (c  —  d)  becomes  first  ac  — • 
be  —  ad,  to  which  is  to  be  annexed 
the  product  of —  b  by  —  <f,  and  the 
question  is,  only,  what  sign  we 
must  employ  for  this  purpose,  whe- 
ther -j-  or  —  1.  Now  we  have  seen 
that  from  the  product  ac — be,  we 
must  subtract  the  product  of  (a— > 
b)  X  df  that  is,  we  must  subtract  a 
quantity  less  than  ad ;  we  have 
therefore  already  subtracted  too 
much  by  the  quantity  bd  ;  this  pro- 
duct must  therefore  be  added; 
that  is,  it  must  have  the  sign  -\- 
prefixed  :  hence  then  it  appears^ 
that  b  X  —  d  give  4-  bd  for  a  pro- 
duct; or  minus  multiplied  by  tni» 
nus  gives  ylus,  or  —  X  — =  +•. 

Whence,  generally,  like  signs 
produce  plus,  and  unlike  8ign» 
mhius. 

NEWTONIAN  Philosophy^  tlie 
doctrine  of  the  universe,  and  par- 
ticularly of  heavenly  bodies,  their 
law.^,  aifections,  &c.  -as  delivered 
by  Sir  Isaac  Newton. 

The  term  Newtonian  philosophy 
is  applied  very  differently  ;  some 
authors,  under  this  philosophy,  in- 
clude all  the  corpuscular  philoso- 
phy) considered  as  it  now  stands,, 
corrected  and  reformed  by  the  dis- 
coveries and  improvements  made 
in  several  parts  thereof  by  Sir 
Isaac  Newton.  In  which  sense  it 
is  Uiat  Gravesande  calU  kU  ele- 
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MATHEMATICAL    AND    PHYSICAL    SCIENCE. 
HOTATiBn,  in  Arithmetic,  i»t!.e 


netbod  of  expreuiiig,  by  iut:un»ut;' 
ceriain  symbols  or  cnaracici-s,  any 
proposed  number  or  quaiuiiy.  In 
the  lAodern  analysis,  notaliun  iiu- 
plies  a  nieiliod  of  representing  any 

auaniity  or  ojeralion  ;  and  the  ju- 
icious  seiecdon  of  proper  symbols 
for  this  purpose,  is  an  important 
consifderHtion,  which  every  author 
who  undertakes  to  write  on  this  sub- 
ject should  particularly  attend  to. 
In  the  common  scale  of  notation 
every  number  is  expressed  by 
means  of  the  ten  characters,  0,  1, 
2,  3,  4,  5,  6,  7,  8,  9,  by  giving  to 
each  digit  a  local  as  well  as  its 
proper  or  natural  value,  the  dis- 
covery* of  vrhich  was  perhaps  one 
of  tlie  most  important  steps  that 
lias  ever  been  made  in  mathema- 
tics, and  does  as  much  honour  to 
its  inventor  as  any  other  in  the 
history  of  this  afbience. 

To  whom  we  are  indebted  for  this 
improvement    is   not   known,  nor 
the  nation  whence  it  dates  its  origin. 
Some  authors  have  attributed  the 
honour  of  it  to  the  Arabs,  others 
to  the  Greeks,  and  others  again  to 
the  Indians ;  which  latter  people 
Lave  certainly  a  prioiity  of  claim 
to  both  the  other  nations ;  but  whe- 
ther they  were  the  original  invent- 
ors, is  at  present,  and  probably  ever 
will  be,  undetermined.    The  sim- 
plicity of  this  method  of  expressing 
quantities,  and  the  universal  appli- 
eation  of  it  to  every  species  of  cal- 
culation, render  it  so  familiar  to 
all  our  ideas  of  numbers,  that  we 
lose  sight  of  the  ingenuity  of  the 
invention,   by    that   which    ought 
most  to  distinguish  it ;  that  is,  the 
obvious  and  accurate  principles  on 
which  it  is  founded  ;   and  instead 
of  considering  it  as  a  most  ingeni- 
ous discover^',  we  are  apt  to  treat 
It  as  a  necessary  consequence  fol- 
lowing immediately  from  the  na- 
tureof  the  number  itself.  That  this 
is  however  a  mistaken  notion,  is  evi- 
dent from  a  notation  of  the  Greeks 
and  Romans,  to  whom  this  method 
was  unknown  ;  in  fact,  it  does  not 
appear    to    have   been  introduced 
into   Europe   till   the  latter  end  of 
the  tenth  century,  ^when  it  w»s  first 
taught  by  the  Arabs  to  the  Spani- 
ards, with  whom  tiiey  had  a  com- 
.municatiott ;  and  hence  it  soon  af- 
er  becHme  generally  known  to  all 
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the  European  nations,  and  seemv 
to  have  bten  bronghi  into  Eivgkand 
as  eaily.as  the  yrai  1150.  Tire 
Arabs,  it  is  evident  from  several 
of  their  manuscripts,  derived  their 
knowledge  ot  it,  either  pirectly,  or 
till ou£fh  some  other  nation,  from 
the  -Indians,  it  being  entitled,  in 
some  of  their  works,  Tfye  Indian 
Arithmetic  ;^  but,  as  we  before  ob- 
served,  whether  this  latter  nation 
originally  made  the  discovery  is 
unknown. 

In  the  common,  or  denary  scale 
of  notation,  the  value  of  every  di 
git  increases  in  a  tenfold  propor- 
tion from  the  right  towards  the 
left ;  thus,  llil  =  1000  -f  lOO  4  10 

-f  I  =  10^  -f  10«  -I-  10  -H  1  ;  alw 
MM  =  3103  ^  4.102  ^  e-io  ^    4, 

and  so  on  of  others  ;  the  distance 
of  any  figure  from  the  right  indi- 
cating the  power  of  10,  and  tlie  di- 
git itself  the  number  of  those,  pow- 
ers intended  to  be  expressed,  on 
which  obvious  principle  it  is  evi- 
dent, that  any  number   whatever 
may  be  represented  with  ease  and 
simplicity  ;  but  since  also  a  num- 
ber may  be  expressed  by  assnniing 
any  other  radix  instead  of  10,  the 
curious  reader  will  inquire  how  it 
happened  that  the  number  10  came 
to  be  adopted  as  the  radix  of  our 
notation  in  preference  to  any  other. 
The  fact  is,  that  long  before  the  in- 
vention of  our  present  notation,  all 
nations,  at  least  with  a  very  trifling 
exception,  divided  their  numbers 
into  periods  of  10,  and  thissingalar 
coincidence   of    different   people, 
unknown    and   unconnected    with 
each  other,  has  been  the  subject 
of  philosophical  investigation  and 
inquiry  from  the  time  of  Aristotle 
to  the  present  day,  though    it   is 
now  generally  allowed  to  have  had 
its  origin  in  the  formation  of  man, 
tliat  is,  to  his  having  10  fingers,  by 
means  of  which  it  is  highly  proba- 
ble that  compytatioh,  or  at  least 
numbering,  was  first  effected  ;   as 
we  always  see  children,  in  making 
their   first  efforts   in    calculation, 
have  recourse  to  this  means  lor  as- 
sisting their  memory  ;    and-  hence 
we  may  infer,  thai  the  present  divi- 
sion of  numbers  into  periods  uf  lo, 
had  its  origin  as  soon  as  numbertng 


was  attempted,  that  is,  as  si.on  as 
man  begun  lo  associate  Vii\\x  each 
other. 
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its  head,  as  distingaUhed  from  the 
tail  or  beard. 

Nucleus  is  also  used  •  by  some 
-writers  for  the  central  parts  of  the 
earih  and  other  planets,  which 
they  suppose  tinner,  and  separated 
from  th.e  other  parts,  as  the  kernel 
of  a  nut  is  from  the  shell. 

NUMBER,  in  its  most  extended 
signification,  has  a  reference  to 
every  abstract  quantity  that  can 
be  made  the  subject  of  arithmeti- 
cal computation  ;  but,  in  a  more 
limited  sense,  it  signifies  only  seve- 
ral things  of  the  same  kind,  and  is 
delined  by  Euclid  to  be  a  multi- 
tude of  units.  Numbers  of  this  lat- 
ter kind  are  termed  integral,  to 
distinguish  them  from  tlie  other 
kind  of  numbfrs,  which  are  of 
various  denominations;  as  expo- 
nential, fractional,  logariihuiic, 
surd,  &c.  See  Exponential, 
Fraction,  Surd. 

Integral  Numbers  are  distiiv 
guished  into  varions  classes,  an  fol- 
low: Absolute,  Abstract,  Abund 
ant,  Amicable,  Cardinal,  Circular, 
Composite,  Concrete,  Fignrafe,  Ho- 
tnogenial.  Irrational,  Ordinn I, 'Per- 
fect, Polygonal,  Prime,  Rational, 
&c.  ;  for  which  see  the  respective 
adjectives. 

properties  of  Numbers,  are  cer- 
tain theorems  relating  to  the  Divi- 
sors, Forms,  Powers,  Products,  &c. 
of  numbers;  many  of  w.hich  are 
given  under  the  respective  articles, 
and  some  others  of  a  more  general 
nature  are  enumerated  below. 

1.  The  product  of  two  numbers 
is  the  same,  whichever  of  the  two 
is  the  muUiplier. 

2.  If  iCny  number  p,  be  prime  to 
two  other  numbers,  a  and  b,  it  is 
aiso  prime  to  their  product  a  b. 

3.  Every  integer  number,  with- 
out exception,  is  composed  of,  and 
may  be  resolved  into,  ilifierent 
terms  of  the  geometrical  series 
1,  2,  4,  8,  Ifl,  &c. 

4.  Every  integer  number,  with- 
out exception,  may  be  made  up 
by  the  addition  and  subtraction  of 
different  terms  in  the  sen«'»  I,  3, 
9,  27,  81,  &c. ;  and  therefore  with 
such  a  series  of  weights,  any  num- 
ber of  pounds  may  be  ascertained. 

5.  The  difference  between  any 
rube  and  its  root,  is  divisible  by  6; 
belwi'ci)   an>    fifih    poAcr   and  iu> 

.i2» 


root,  is  divisible  by  10;  and,  gen«» 
rally,  if  n  be  a  prime  number,  the 
differ  ence  ar*  —  z  is  divisible  by  V*, 
6.  Every  number  whatever  is  the 
sum  of  tiirei',  or  a  less  number  of 
triangular  numbers;  of  four,  or  a 
less  nunibt-r  of  squares  ;  of  five,  or 
a  less  number  of  pentagonals  ;  and 
so  on  for  hexaijonal,  heptagonals, 
&c.  &c. 

Theory  of  Ndkrbrs,  is  the  inves- 
tigation and  demonstration  of  cer- 
tain theorems  relating  to  the  pro- 
perties of  numbers.  This  i.s  a  »ub> 
ject  with  which  the  ancients  were 
little  acquainted;  in  fact,  their 
method  of  notation  was  an  insuper-. 
able  impediment  to  any.  investi- 
gations of  this  kind.  Diophanlus^ 
however,  may  be  said  to  have, 
treated  on  the  properties  of  num- 
bers ;  but  it  was  his  commentators, 
Bachet  and  Fermat,  who  first  laid 
the  Ibundatiou  of  the  present 
theory':  the  latter,  in  particular, 
discovered  many  fine  theorems, 
which  still  retain  the  name  of  their 
inventor;  but  they  were  mostly 
given  without  demonstration,  in 
his  iioies  <iii  Diophantus,  in  one  of 
which  he  distincily  luentions  a 
work  that  he  was  preparing  on  the 
subject  of  numbers;  but  this  was 
unfortniuitely  lost  at  his  death* 
what  Fermat  thus  left  incomplete, 
was  taken  up  by  Euler  and  La** 
grange,  who  demonstrated  several 
of  his  theorems,  the  former  in  thf; 
Acta  Petro,  and  the  Idller  in  the 
Memoirs  of  Berlin;  and,  latterly, 
a  very  ingenious  work,  entitled 
"  Essai  sur  la  Theorie  ries  Nom- 
bres,'*  in  4to.  was  published  at 
Paris  by  Legcndre ;  and  another 
about  the  same  time  by  M.  Gauss, 
at  Strasburg,  entitled,'*  Disquisi- 
tioiies  Arithmeticee,"  and  wliich 
has  since  been  translated  into 
French  by  M.  Poulletde  Lislp. 

NtJMBRR  of  Direction,  in  Chrtno- 
logy,  some  one  of  the  35  numbers 
between  the  Easter  limits,  pr  be- 
tween the  earliest  and  )ate$t  daya^ 
on  which  it  can  fall ;  vis,  between 
March  22  and  April  ^,  which  is 
35  days,  and  is  so  called  because  it 
serves  a^  a  dire.ction  for  finding 
Edster  for  any  year;  being,  in- 
deed, the  number  that  expresses 
how  rt»any  days  after  the   Slst    of 
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three,  trilUnits,  &e.    See  Billion. 

NnflBRATOR  of  a  Fraction^  is 
that  number  which  stands  above 
the  line,  and  shows  how  many 
parts  the  fraction  consists  of;  as 
the  denominator  represents  the 
number  of  parts  into  which  the 
unit  is  supposed  to  be  divided. 

NUM£RI€A  L,  or  Ndhrral, 
«omethinc  that  relates  to  number. 

NUMERAL  Algebra,  are  those 
■cases  in  which  numbers  are  em- 
ployed,  in  contradistinction  to 
Literal  Algebra,  or  that  in  which 


the  letters  of  tlie  alphabet   are 
made  use  of. 

NUTATION,  in  Astronomy,  a 
kind  of  trepidation,  or  tremulous 
motion  of  the  axis  of  the  earth, 
whereby  its  inclination  to  the 
plane  of  the  ecliptic  is  not  always 
the  same,  but  varies  backwards 
and  forwards  some  seconds ;  and 
the  period  of  these  variations  is 
nine  years.  This  nutation  was  dis- 
covered  by  Dr.  Bradfey,  who  pub- 
lished  an  account  of  bis  discovery 
in  the  year  1737. 


o. 


OBJECT  Glaxs,  in  Optical  In- 
strumentSt  is  that  which  is  placed 
towards  the  object,  the  other  ex- 
treme  lens  being  called  the  eye- 
glass, being  that  to  which  the  eye 
is  directed. 

OBLATB,  flattened  or  shortened. 

OBLIQUE,  aslant,  indirect,  or 
deviaiing  either  from  perpeudicu- 
lanty  or  parallelism. 

OBLONG,  is  properly  a  right- 
angled  parallogram,  of  which  the 
length  and  breadth  are  unequal. 
The  same  word,  howevei,  is  com> 
monly  employed  to  denote  any 
figure  which  is  longer  than  it  is 
broad,  or  even  a  solid  ;  thus  a  pro- 
late sphere  is  sometimes  called  an 
oblonR:  spheroid. 

OBSERVATION,  in  Astronomy 
and  Navigation,  denotes  the  mea- 
suring, with  some  instrument  pro- 
per for  the  purpose,  the  angular 
distance,  altitude,  &c.  of  the  sun, 
moon,  or  other  celestial  body. 

OBSERVATORY,  a  place  des, 
lined  for  observing  the  heavenly 
bodiet. 

OBTUSIB,  literally  implies  any 
thing  blunt  or  dull,  in  contradis- 
tinction to  acute,  sharp,  or  point- 
ed. 

OCCIDENT,  in  Astronomy  and 
Geography,  is  the  same  as  west-^ 
-ward,  or  point  of  the  horizon 
IV  here  the  sun  sets.  A  planet  is 
said  to  be  Occident  when  It  sets 
after  the  son. 

OcGiDXNT  Equinoctial,  that  point 
4>f  the  horizon  where  the  sun  sets. 
When  he  crosses  the  equinoctial, 
4Mr  enters  the  sign  Aries  or  Libra. 
«31 


OCCULTATION,  the  obscuration 
of  a  planet  or  star  by  the  interpo* 
sition  of  the  moon,  or  other  planet, 
between  it  and  our  eye. 

OCEAN,  that  immense  collec- 
tion of  water  which  forms  the 
greater  portion  of  the  terrestrial 
globe,  being  commonly  estimated 
at  double  the  space  occupied  by 
the  dry  land. 

OCTAGON,  in  Geometry,  is  a 
figure  of  eight  sides  and  angles, 
which,  when  the  sides  and  angles 
are  all  equal,  is  called  a  regular 
octairon,  and  when  they  are  not 
boih  eqnal,  an  irregular  octagon. 

The  angle  at  the  centre  of  an 
octagon  is  45  degrees,  and  the  an- 
gle of  its  sides  135  degrees.  The 
area  of  a  regular  octagon  whose 
side  is  1  =2  (1  -f  V  2)  =  4-828427 K;, 
and  therefore  when  the  side  is  s, 
the  area  =  4*8284271  sf*,  and  the 
radius  of  its  circumscribing  circle 


V(2-V2) 

To  con8ti;uct  a  regular  octagon 
on  a  given  line. — From  the  extre- 
mities of  the  line,  di-aw  perpendi- 
culars to  that  side  of  it,  upon 
which  the  octagon  is  to  be  con* 
structed,  and  produce  them  inde- 
finitely. Produce  also  the  line 
both  ways.  Then  bisect  the  angles 
made  by  the  perpendiculars  and 
line  produced,  and  from  the  ex- 
tremities of  the  line  draw  lines 
through  the  points  of  section. 
Make  them  equal  to  the  given  line, 
and  tliree  sides  will  be  constructed. 
Two  sides  more  are  obtained,  b^i 


MATHEMATICAL    AVD   FHYSICAL  SCIENCE. 


drawing  parallels  to  Ihe  indetiiiUe 
perpend iculars,  and  the  remaining 
three,  by  cutting  the  perpendicu- 
lars from  ihe  extremities  of  them, 
with  a  distance  equal  to  the  given 
»ide. 

To  in.Hcribt  an  Octagon  in  a  given 
Circle* — Inscribe  a  square  in  the 
given  circle;  then  bisect  each  of 
the  four  equal  arc«  intercepted  by 
the  sides  of  tiie  square,  which  will 
be  the  arcs  subteiided  by  the  sides 
of  the  octagon. 

OCTAHEDRON,  or  Octaedron, 
one  of  the  five  regular  bodies,  cun> 
tained  under  eight  equal  and  equi* 
lateral  triangles.  Or  an  octaiie- 
dron  may  be  conceived  to  be  made 
up  of  eight  equal  triangular  pyra- 
mids, whose  vertices  unite  in  one 
common  point;  which  is  the  centre 
of  the  solid,  and  of  its  circum- 
scribed spheres. 

To  find  the  surface  and  solidity 
of  an  OctahedroiT,  the  sid'e  of  one 
of  its  equal  faces  being  given.' 

Let  *  represent  the  given  side, 
then 

surface  =  2  *«  V  3  =  3-46410I6  *8 

solidity  =  J  *^  V  *  =    '47 14045  s^ 

The  radius  of  the  circumscribing 

and  inscribed  spliere  being  given 

to  find  its  side  or  lineal  edge,  its 

surface  and  solidity. 

Let  R  and  r  represent  the  radii 
of  the  circumscribing  and  iubcribed 
sphere,  tlien 
side        =    R    V2  =  rx/6 
surface  =  4  R-!  v^  3  =  12  r«  v/  3 
8olidity  =  ^R^        =  4r'»V3 

Or  writing  *  for    the    side,   we 
have 
radius  of  circum.  sphere  ^5^2 
radius  of  inscrib.  spiiere  ts^Q 

See  Mutton's  Mensuiation,  p.  251, 
2d  edition. 

OCl'ANT,  the  eighth  part  of  a 
circle. 

Octant,  or  Octile,  is  also  an  an- 
cient term  in  Astronomy,  to  denote 
one  of  the  aspects,  viz.  wlien  two 
planets  are  distant  from  each 
other  45*. 

OCTOBER,  the  eighth  month  of 
the  ancient  Roman  calendar,  but 
the  tenth  accordnig  to  tiie  Julian 
year.   This  month  contains  31  days, 


not  be  divided  ii^  two  eqnal  in- 
tegral ))aris. 

ODOMETER,  is  an  instrument 
for  measuring  tlie  distance  tra- 
velled over  by  a  post-chaise  or 
other  carriage ;  it  is  attaclied  to 
the  wheel,  and  shows  the  distance 
by  means  of  an  index  and  dial- 
plate. 

OFFSETS,  in  Surveying,  are 
those  short  peipenuiculars  that 
are  measured  on  the  sides  of  irre- 
gular hgures  for  the  more  accurate 
determiiiHtion    of    the   area.     See 

SURVKYING. 

Ofkskt  ^taj^,  a  staflf  or  rod  used 
in  surveying  tor  ineasurnig  offsets. 
Itiscoinifionly  made  ot'licjnt  wood, 
ten  links  In  length,  divided  and 
numbered  from  one  end  to  the 
other. 

OLHERS,  a  name  sometimes 
given  to  the  planet  Pallas. 

OLYMPIAD,  in  Chronology,  a 
period  of  four  years,  by  which  the 
Greeks  reckoned  ilieirtime;  being 
thus  called  from  the  Olympic, 
trames  held  every  fourth  year. 
The  first  olympiad  began  the  year 
3938  of  the  Julian  period,  corres- 
|K>nding  to  776  years  befori'  Christ. 
The  computation  by  these  games 
ended  with  the  404th,  being  the 
44ULh  of  the  pri-sei»t  christian  era. 

OMBROMET.KR,  a  name  givea 
by  Mr.  Picketing  to  the  piuviame- 
ler  or  ruin-^auge. 

OMPHALOPl'ER,  a  name  some- 
times given  to  a  convex  lens. 

OPAKE,  or  Opaqub,  not  trans- 
lucent  nor  transparent,  or  that 
which  prevents  the  tree  admission 
of  the  rays  of  light. 

OPERA  Glass,  in  Optics,  is  so 
called  ti(»in  its  use  in  playhonses, 
though  it  is  sometimes  called  a 
diagonal  perspective,  from  its  con* 
struction.  It  consists  of  a  tube 
about  four  inches  long  ;  in  eacK 
.•jide  of  which  there  is  a  hole,  and 
exactly  »gainst  the  middle  a  plane 
mirror,  which  reflects  the  rays  fal- 
ling up(Mi  it  to  a  convex-glass; 
through  which  they  are  refracted 
to  the  concave^  eye-glass,  whence 
they  emerge  parallel  to  the  eye  at 
the  end  of  the  tube.  The  peculiar 
artifice  of  this  glass  is  to  view  a 


on  about  the  2'id  of  which  the  sun    person  at  a  small  distance,  so  that 
e/iters  the  sign  Scorpio.  Inoone  shall  know  who  is  observed, 
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ferent  object  from  tliat  which  i» 
viewed,  aud  lis  there  is  a  hole  on 
each  side,  it  is  impossible  to  know 
on  which  hand  the  object  is  situ- 
ated, which  yoa  are  viewing.  The 
position  of  the  object  will  be  erect 
through  the  concave  eye-glass. 

OPPOSITION,  in  Astronomy,  is 
that  aspect  uf  any  two  heavenly 
bodies,  when  they  are  diametri- 
cally  opposite  each  other.  See 
Aspect. 

01*T1C,  or  Optical,  any  thing 
relating  to  the  science  of  optics. 

Optic  Inequality,  in  Astronomy, 
is  an  apparent  irregularity  in  tiie 
motions  of  the  planets  and  other 
celestial  bodies,  being  thus  called 
because  it  does  not  arise  from  any 
real  inequality  of  the  moving  body, 
but  from  the  situation  of  the  eye 
of  the  observer.  See  Apparent 
Motion, 

Optic  Place  of  a  planet,  is  its 
place  as  seen  by  the  eye. 

Optic  Pyramid,  is  a  pyramid 
formed  by  the  visual  rays  proceed- 
ing from  the  eye,  and  passing 
through  the  extremities  of  any  pic- 
Cure,  when  these  ra>8  are  conti- 
nued to  terminate  in  a  plane  per- 
pendicular to  the  observer. 

OPTICS,  the  science  of  Vision, 
including  catoptrics  and  dioptrics, 
and  by  some  authors  perspective 
is  also  included  under  the  general 
term  optics  ;  as  also  chromatics, 
or  the  theory  of  colours,  and  all 
the  phenomena  of  visible  objects. 

The  reflection  of  the  rays  of 
light,  from  a  polished  surface,  is  a 
circumstance  so  common  and  ob- 
vious, that  it  could  not  long  remain 
unnoticed  by  the  most  superficial 
observer  ;  even  the  equality  of  the 
angle  of  incidence  and  reflection 
appears  to  have  been  known  from 
earliest  periods  ;  but  this  was  not 
the  case  with  regard  to  the  angle 
of  incidence  and  refraction,  ft 
was,  indeed,  known  at  an  early 
period  that  an  oar,  or  other  straight 
piece  of  wood,  partially  immersed 
in  water,  no  longer  appeared 
straight,  yet  ages  after  this  elapsed 
before  any  attempts  were  made  to 
ascertain  the  relation  between  tlie 
angles  of  incidence  and  refraction. 
Bmpedocles  was  the  first  on  record 
that  wrote  systematically  on  light ; 
tifid,  ^uc\id  GompoBfd  a  trewtiic  on 


the  ancient  optics  and  catoptrics  ; 
dioptrics  being  less  known  to  the 
ancients,  though  it  was  not  quite 
unnoticed  by  them ;  for  among  the 
phenomena    at    the   beginning  of 
that  work,  Euclid  remarks  the  ef- 
fect of  bringing  an  object  into  vjew 
by  refraction,  in  the  bottom  of  a 
vessel,  by  pouring  water  into  it, 
which  could  not  be  seen  over  the 
edge  of  the  vessel  before  the  wa- 
ter was  poured  in  ;  and  other  au- 
thors speak  of  the  efl'ects  of  glass 
globes,  &c.  both  as  burning-glasses, 
and    as    to   bodies    seen    through 
them.    Euclid's  work,  the  genuine- 
ness of  which  has  been  doubted, 
is  chiefly  on  catoptrics,  or  reflectea 
rays  ;  in  which  he  sliows  the  chief 
properties  of  them  in  plane,  con- 
vex, and  concave  surfaces,  in  his 
usual  geomelrical  manner,  begin- 
ning   with    that   concerning    the 
equality  of  the  angles  of  incidence 
and  reflection,  which  he  demon- 
strates ;  and  in  the  last  proposition, 
shows  the  effect  of  a  concave  spe- 
culum,  as  a  burning-glass  when 
exposed  to  the  rays  of  the  sun* 
The  effects  of  burning-glasses,  both 
by  refraction  and  reflection,  are 
noticed  by  several  others  of  the 
ancients,  and  it  has  been  thought 
that  the  Romans  had  a  method  of 
lighting  their  sacred  fire  by  some 
such  means.    Aristophanes,  in  one 
of  his  comedies,  introduces  a  per- 
son as  making  use  of  a  transparent 
stone  to  cancel  a  bond  that  was 
against  liim,  by  thus  melting  the 
wax   on   which  such  instruments 
were  then  executed.    If  we  give 
credit  to  what  some  ancient  his- 
torians  have    written  concerning 
the  exploits  of  Archimedes,   we 
shall  be  induced  to  think  that  he 
constructed  some   very  powerful 
burning   mirrors.    It   is   even   al- 
lowed that  this  eminent  geometri- 
cian wrote  a  treatise  on  the  sub. 
ject  of  them,  though  it  be  not  now 
extant ;  as  also  concerning  the  ap- 
pearance of  a  ring  or  circle  under 
water,   and   therefore    could   not 
have  been  ignorant  of  the  common 
phenomena  of  refraction.  We  find, 
mdeed,  many  questions  concerning 
optical  appearances  in  the  works 
of  Aristotle.    This  author  was  sen- 
sible that  it  is  the  reAe<:.\.>Avv  k^I 
ViB,Vtt  IrQm  ^Joi'fe  «Xs3Wss»\?cv«i^  Vw^s^sk 
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Ulled  with  WMer,  Ihonili  thiy  pro- 
bnhly  knew  BolWng  of  ih«  reuan 
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to  tlip  vapours  contained  in  the 
Hit,  bill  to  its  diflferent  degrees  of 
traiispaieiicy.  And  it  was  his 
opinion,  tluitso  far  from  being  the 
cuti^e  of  ine  heavenly  bodies  ap- 
pearing larger  near  the  horizon, 
tliat  it  would  make  them  appear 
Icsh;  observing  that  two  stars  ap> 
))ear  nearer  together,  in  the  hori- 
zon,  than  near  the  meridian.  This 
phenomena  he  ranks  among  optical 
deceptions.  We  judge  of  distance, 
lie  says,  by  comparing  the  angle 
under  which  objects  appear,  with 
liieir  supposed  distance;  so  that  if 
tliese  angles  be  nearly  equal,  and 
the  distance  of  one  object  be  con- 
ceived greater  than  that  of  the 
other,  this  will  be  imagined  to  be 
larger.  And  he  farther  observes, 
that  the  sky  near  the  horizon  is 
always  imagined  to  be  farther 
from  us  than  any  other  part  of  the 
concave  hemisphere. 

In  the  writings  of  Alhazen,  we 
likewise  find  the  first  distinct  ac- 
count of  the  magnifying  power  of 
glasses,  and  it  is  not  improbable 
that  his  writings  on  this  head  gave 
ri^e  to  the  useful  invention  of 
spectacles;  for  he  says,  that  if  an 
object  be  applied  close  to  the  base 
of  the  larger  segment  of  a  sphere  of 
glass,  it  will  appear  magnified.  He 
also  treats  of  the  appearance  of  an 
object  through  a  globe,  and  says 
that  he  was  the  first  who  observed 
the  refraction  of  rays  hi  it. 

In  1270,  Vitellio,  a  native  of  Po- 
land, published  a  treatise  on  optics, 
containing  all  that  was  valuable  in 
Alhazen,  and  digested  in  a  better 
manner.  He  observes  that  light  is 
always  lost  by  refraction,  which 
makes  objects  appear  less  lumi- 
nous. He  gave  a  table  of  the  re 
suits  of  his  experiments  on  the 
refracting  power  of  air,  water,  and 
glass,  corres))onding  Co  different 
angles  of  incidence.^  He  ascribes 
the  twinkling  of  the  stars  to  the 
motion  of  the  air  in  which  the 
light  is  retracted ;  and  he  illus- 
trates this  hypothesis  by  observing, 
that  tUey  twinkle  still  more  when 
viewed  in  water  put  in  motion, 
lie  also  siiows,  that  refraction  is 
necessary,  us  well  as  reflection,  to 
I'Hui  the  rainbow;  because  the 
body  which  the  rays  fall  npon  is 
a  iiansparent  substance,  at  the 
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surface  of  which  one  part  of  the 
light  is  always  reflected,  and  ano- 
ther refracted.  And  he  makes 
some  ingenious  attempts  to  explain 
refraction,  or  to  ascertain  the  law 
of  it.  He  also  considers  the  foci 
of  glass  spheres,  and  the  apparent 
size  of  objects  seen  through  then>, 
though  with  but  little  accuracy. 
See  Refraction. 

Contemporary  with  Vitellio  was 
Roger  Bacon,  a  man  of  very  ex-* 
tensive  genius,  who  wrote  upon 
almost  every  branch  of  science ; 
though  it  is  thought  his  improve- 
ments in  optics  were  not  carried 
far  beyond  those  of  Alhazen  and 
Vitellio;  to  him,  however,  has 
been  attributed  the  invention  of 
the  magic  lantern.  One  of  the 
next  who  distinguished  himself  in 
this  way  was  Maurolycns,  teacher 
of  mathematics  at  Messina.  In  a 
treatise  "  De  Lumine  et  Umbra," 
published  in  1575,  he  demonstrates, 
that  the  crystalline  humour  of  the 
eye  is  a  lens  which  collects  the 
rays  of  light  issuing  from  the  ob- 
jects, and  throws  them  upon  the 
retina,  where  the  focus  of  each 
pencil  is  formed.  From  this  prii>- 
ciple  he  discovered  the  reason 
why  some  people  are  short-sighted, 
and  others  long-sighted;  also  why 
the  former  are  relieved  by  coiv- 
caVe  glasses,  and  others  by  convex 
ones. 

Contemporary  with  Maurnlycus 
was  John  Baptista  Porta  of  Naples. 
He  discovered  the  camera  ob- 
scura,  which  throws  considerable 
light  on  the  nature  of  vision.  His 
house  was  the  constant  resort  of 
all  the  ingenious  persons  at  Naples, 
whom  be  formed  into  what  he 
called  an  academy  of  secrets, 
each  member  being  obliged  to  con- 
tribute something  that  was  not  ge- 
nerally known,  and  might  be  use- 
ful. By  this  means  he  was  fur- 
nished with  materials  for  Ill's 
*'  Magia  Naturatis,"  which  coir- 
tains  hL«  account  of  the  camera 
obscura,  and  the  flrst  edition  of 
wliich  was  published,  as  he  in- 
forms us,  when  he  was  not  quite 
fifteen  years  old.  Ue  aho  gave 
the  firs^  published  hint  of  the 
magic  lantern,  which  Kirchcr  af- 
terwards followed  and  improved. 
Hia  cx^rtixve\\V.'&  n<'vO\  \\\«.  <:,wcsw«x'«b 
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by  vLiOil  rayi  prooteding  Ironi  h, 

ai  fand  been  fomierJy  ImtBined; 
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poll  turn  every  obxrved  im^iita. 

Uiit  ttali  nSee  la  petrormHl  by  ihe 

lily  perfeelly  iirnd  ;  and  by  llHl 

reilnL    He  made  a  variety  of  juiL 

pcnerenuue,  for  which   he'ii  » 

duel  in  which  we  inugiac  Ihingi 

to   be  wllhaat  the   eye,  when  liie 

1.  Tlie   plsiielt    iilTnviilve   in 

elipliD   ortiu   litnated    in    pluiei 

pnuin;  ihTough  the  cenlre  or  Ui 

^i  SS'.rt.S'.lli^^hl't''  in'cer'iii'i; 

inn,  tlie  leucr  body  aecnpylnsoM 
ofth.  fuciofUieellipK. 

9.  Equal  uea>,  are  de.cribed  h> 

aame  amsll  adnneeg  knranli  the 

over  or  deurfbe.  equM  uena  ia 

diUDvery    of    ulaHopri'      Other 

IniUJHa  on  ofitisi,  Willi  vnriaui 

eqwlUme.. 

3.  The  aqnarei  nf  the  tima  r( 

111  plHlietary  bodiei 
i'i)'ER°ofaili«.  Inthciaw, 
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one  side  is  always  eqnal  to  the 
8am  of  ttie  ordinates  on  the  other ; 
and  the  same  for  curves  of  any 
dimension,  vix.  the  sum  of  the  or- 
dinates on  one  side  of  the  axis,  is 
always  equal  to  the  sum  of  those 
on  the  other. 

ORGAN  I  GAL  DeseriptUm  of 
€uaTB8,  is  the  method  of  describ- 
ing them  on  a  piane  by  means  of 
instruments.  Of  these,  the  conw 
passes  and  ruler  are  the  must  sim- 
ple, and  are  the  only  instrument 
admitted  into  plane  or  elementary 

geometry;  but  other  instrumenis 
ave  been  invented  for  the  des- 
cription of  various  curves. 

ORIENT,  the  east  or  eastern 
point  of  the  horizon. 

QaiXNT  Equinoctial,  that  point 
of  the  horizon  where  the  sun  rises 
when  in  the  equinoctial. 

Orient  Estival,  is  that  point  of 
the  horizon  where  the  sun  rises  in 
the  middle  of  summer. 

OaiBNT  Hybernal,  that  point  of 
the  horizon  where  the  sun  rises  in 
the  middle  of  winter. 

ORIENTAL,  any  ihinp  or  place 
situated  to  the  eastward  of  an  ob» 
server, 

ORION,  one  of  the  grandest  of 
the  ancient  constellations,  situated 
in  the  southern  liemisphere. 

ORRERY, '  all  astronomical  in. 
strument  lor  exhibiting  the  several 
motions  of  the  heavenly  bodies. 
The  first  machine  of  this  kind  was 
constructed  by  Mr.  Graham,  but 
its  name  is  derived  from  one  made 
by  Mr.  Rowley  for  the  Earl  of 
Orrery,  which  was  supposed  by 
Sir  R.  Sieel  to  be  the  first  ever 
constructed  ;  and  he  therefore  gave 
it  the  above  name  in  honour  of 
the  Earl,  and  attributes  the  inven< 
tion  to  Mr.  Rowley  ;  which  name 
it  has  ever  since  retained,  though 
the  error  on  which  it  was  adopted 
has  been  long  corrected. 

ORTHOGRAPHIC  Prqjection  of 
the  Sphere,  is  that  projection  which 
is  made  upon  a  plane  passing 
through  the  middle  of  the  sphere, 
Isy  an  eye  placed  vertically  at  an 
infinite  distance. 

OSCILLATION,  in  Mechanics, 
vibration,  nr  the  reciprocal  ascent 
and  descent  of  a  pendulum.   . 

Axis  of  Oscillation,  is  a  right 
line  pasfing  tiirbagil  the  poiul  of 
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suspension  parallel  to  the  hoHion. 

Centre  of  Oscillation,  is  that 
point  in  a  vibrating  body  into 
which,  if  all  the  matter  of  th« 
body  were  collected,  the  vibra- 
tions would  be  performed  in  the 
same  time«  See  Centkk  of  Oscil- 
latum. 

Huygftns,  in  his  work  "  De  Ho« 
rologia  Oscillatorio,"  first  gave  a 
general  solution  of  the  problem  of 
oscillatory  bodies,  by  reducing  all 
compound  bodies  or  pendulums  to 
simple  ones;  or,  which  is  the  same, 
by  finding  theilr  comnton  centre  of 
oscillation.  This  solution  he  found- 
ed on  this  principle,  that  the  com- 
mon  centre  of  gravity  of  several 
bodies,  connected  together,  must 
return  precisely  to  the  same  height 
whence  it  fell ;  whetlier  those 
weights  return  conjointly,  or  whe- 
ther after  their  fall  they  return 
separately,  each  with  the  velocity 
it  had  then  required. 

This  hypothesis  gave  rise  to  va- 
rious  discussions,  some  adopting  it 
and  others  objecting  to  it;  and 
others  again,  who  were  disposed 
to  think  it  correct,  were  not  wil- 
ling to  adopt  it  without  demon- 
stration. 

After  various  disputes,  James 
Bernouilli  published,  in  the  Me- 
moirs of  the  Academy  of  Sciences 
for  1703,  a  perfectly  satisfactory 
geometrical  demonstration  of  Huy- 
gens's  hypothesis,  by  referring  all 
the  different  weights  to  a  lever; 
and,  after  his  death,  which  hap- 
pened in  1705,  his  brother  John 
gave  another  demonstration,  much 
more  simple  than  that  of  the  for- 
mer, which  he  published  in  the 
same  Memoirs  for  1714;  and  at  the 
same  time.  Dr.  Brook  Taylor  pub- 
lished his  demonstration  in  his 
Methodus  Inerementorum,  which 
gave  rise  to  some  dispute  between 
these  two  authors,  each  accusing 
the  other  of  plagiarism ;  the  par- 
ticulars of  which  may  be  seen  in 
the  Leipsic  Acts  for  1716,  as  also 
in  the  works  of  John  Bernouilli, 
published  in  1742. 

OSCULATION,  in  the  Theory  of 
Curves,  denotes  the  contact  be- 
tween any  curve  and  itsonculatery 
circle ;  or  that  circle  which  has 
the  same  curvaV^t^  ■«&  >^«  c.>kv««. 
^  aX  \^«  %Xvcii  '^vnX.  ^  «;(^\iS.'«>oc3&o 
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OSTENSIVB  VemoMtratlon,  is 
a  direct  geuiiieirical  demunstra- 
tion,  ill  coiurudisiinction  to  an 
apogogical  one,  or  that  wliicli  de* 
pends  upow  a  reductio  ad  absur- 
dutn. 

OTACOUSTIC,  a  name  some- 
times piven  to  a  hearing  trumpet, 
and  other  instruments  for  improv- 
ing the  sense  of  hearing. 

OVAL,    an    obloug    curvilinear 


figure,  having  two  unequal  dianie- 
lers,  and  bounded  by  a  curve  line 
returning  into  itself.  Under  this 
general  definition  of  an  oral  is  ih- 
cluded  tiie  ellipse,  which  is  a  re- 
gular  oval;  and.  all  other  figures 
which  resemblethe  ellipse,  though 
without  possessing  its  properties, 
are  classed  under  the  same  gene- 
ral denomination. 
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PALLAS,  one  of  the  new  planets 
discovered  in  1802.  It  is  situated 
between  the  orbits  pf  Mars  and 
Jupiter,  and  is  nearly  of  the  same 
magnitude  with  Ceres,  but  of  a  less 
ruddy  colour.  It  is  surrounded 
with  a  nobniosity  of  less  extent, 
and  performs  its  annual  revolution 
in  nearly  the  same  period.  'Ibe 
planet  Pallas,  however,  is  distin- 
guished in  a  very  remarkable  man- 
ner from  Ceres  and  all  other  pri- 
mary planets,  by  the  immense 
inclinaiion  of  its  orbit.  While 
these  bodies  are  revolving  round 
the  suu  in  almost  circular  path.i, 
rising  only  a  few  degrees  above 
the  plane  of  the  ecliptic,  Pallas 
ascends  above  this  plane  at  an 
.angle  of  about  thiriy-five  degrees, 
which  is  nearly  five  time:*  greater 
than  the  inclinati<Mi  of  Mercury. 
From  the  eccentricity  of  Pallas 
being  greater  than  that  of  Ceres, 
or  from  a  difference  of  position  in 
the  line  of  their  apsides,  while 
their  mean  distances  are  nearly 
equal,  the  orbits  of  these  two 
planets  mutually  intersect  each 
other;  a  phenomenon,  whiph  is 
altogether  anomalous  in  the  solar 
system.  The  atmosphere  of  Pallas, 
according  to  the  observation  ol 
dchroeter,  is  to  that  of  Ceres  as 
101  to  146,  or  nearly  as  2  to  3.  It 
undergoes  similar  changes,  but  the 
light  of  the  planet  exhibits  greater 
variation.  On  the  first  of  April 
the  atmosphere  suddenly  cleared 
up,  and  the  solid  nucleus,  or  disc 
of  the  planet,  was  alone  visible. 
About  twenty-four  hours  after- 
wards she  appeared  i)alH  and  sur- 
roanaed  with  log:,  and  this  appear- 
ance conlinned  daring  U\e  iV\uA' 
«i)(i  fourth  of  April.  SvhroeUv  \m% 
338 


shown,  that  this  phenomenon,  does 
not  arise  from  the  diurnal  rotation 
of  the  planet. 

The  diameter  of  Pallas  has  not 
be^n  determined  with  sufficient 
accuracy.  Br.  Herschel  makes  it 
only  eightv  miles,  which  is  but 
one-half  the  diameter  of  Ceres ; 
while  Schroeter  makes  it  no  less 
than  2099  miles,  which  is  considera- 
bly larger  than  the  magnitude  that 
he  assigned  to  Ceret.  The  elements 
of  the  orbit  of  Pallas,  and  the  otiier 
particulars  which  are  known  re-> 
specting  this  planet,  are  given  in 
the  following  table. 
Tropical  revulution  . .  43/  7"*  lid 
Sidereal     revolution, 

fnmi      Maskelyne's 

Table 1703*  16*  48f 

Annual  motion    •  •  .    2^  18/ H" 
Mean  longitude,  Jan. 

I,   1804 9»  29' 52^58" 

Place    of     ascending 

node    in  1802,   from 

Maskely  ne's  Table     5»  211"  28/  5t» 
Place    of     ascendmg 

node  in  1804,  accoi  d- 

ing  to  Lalande  •  •   •    5^  22' 261 
Placeot   perihelion  •   4"*  1'   7* 
hlccentricity,  the 

mean   distance    be- 
ing one 0  24G30 

Inclinaiion  of  orbit  in 

1801,    according    to 

Maskely  ne's  Table      34"  50/  40n 
Inclination  of  orbit  in 

J804,    according    to 

Lalande  ..*•..    34*>39> 
Greatest  equation    of 

centre 28' 25/ 

Mean    distance    from 

the  sun,  that  of  the 

eaith  being  one  •    •    2*7910 
Mean  distance  in  £ng- 
\     V\%\i  Yv\\\<^  .    «  «  «  .    2600^0000 


Diamfttr  in  E'<Bli«l< 

Hcnchei  .....  80    app.O'M 

SchrMWr  ■    ■  ■,  ■  M9»»pp.ff''a 

ihc  ■iniuiplicre  of 

PdUh H3« 

lltleht  of  the  KUiia- 


»'cH'rcd"tbe  pannieur^of'iiaiu 

Wc  eu  BlwivM  determing  tliii 
quanlily  B   Uy  llic  uquBliun  JW  = 


;s 


tbrough  Ihit  iniDt  will  have  fnr  )u 
Eiprtiuan  .Ji^^ip.  Therefore 


AG=AP=ij,.nd  if  thrnygh  the 

line  BGe'iMrs'llerio  "he'OTdin.Ui 
U  Q,  ihlo  liiie  E6<  inriliel  in  Ihe 
ordinue  HQ.   thii  line  EGe  i« 

^v/jpi  +  f'-if)'}  =i  +  iP 
=  Aq+ AG  ^MH,  therefore  FM 
=  M  H  ;  hen«  the  disuncs  rrom 
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cause  ^  M Pn  =  ^  MT Q)   <«r  in 
symbolKi  2x  :  y/  px  :  :  1  :  lang  A 


Hence  *  = — 

4  lung*  A 

and  the  parameter  of*  the  diameter 

U0,orq^p-{-4x  =  p  (l-l-col«A) 

=  p  cosec  ?A  = ' 

'^  8111  *A 

It  is  easy  to  see  thai  this  problem 
has  two  M)lutions. 

3.  Given  the  parameter  q  of  the 
diameter  MO,  with  the  vertex  M 
of  ihat  diameter,  and  the  angle  A 
Avhich  it  makes  with  iis  orUinates ; 
,to  find  tfie  axis  A  L,  its  vertex  A, 
and  its  parameter  p.  (See  the  pre 
ceding  Jigure.) 

This  problem  requires  us  to  find 
tlie  distance  M  Q  trom  tlie  uxia  to 
the  diameter,  and  then  the  dis. 
tance  A  Q,  in  order  to  ohtuin  the 
vertex  A  and  the  parameter  p. 
Preserving  the  same  denominations 
as  in  thv  preceding  piobiem,  we 
have   MQ  =  Vj'ar,  q  =  p->cAx  = 

.  ^  .  •  '  Hence   we  obtain  p=p, 
sin*  A  r      tt 

sin  ^A,x  =  ^q  cos  «A,   and  M  Q  = 
±  i  ^  sin  A  cos  A  =  -}-  J  ^  sin  2  A. 

Biquadratic  Parabola,  a  curve 
of  the  third  order,  having  two  in- 
finite legs,  and  is  genet  ally  ex- 
pressed by  one  of  these  three 
equations:  viz. 

a*ar  =  y*  —  tf'.v'; 

fl^x  =  y*  —  a -|- 6 .  y^  —  fl  Ay*. 

Cartesian  Parabola,  is  h  curve 
of  the  secund  order,  expressed  by 
tlie  equation  xy  =  ax^  -\-  ba^  -f"  ex 
-^df  containing  four  infinite  lee**; 
viz.  two  hyperbolic  and  two  para- 
bolic. 

Cubic  Parabola,  is  also  a  curve 
of  the  second  order,  having  two 
infinite  legs  tending  contrary  ways. 
If  the  absciss  touch  the  curve  in  a 
certain  point,  the  riilation  between 
the  absciss  and  ordinate  is  ex- 
pressed by  the  equation 

p  =  ax'^-\-bx^-^cx-\-d 
and  when  b,  c,  and  d  are  euch  zero, 
the    equation    then    becomes    y  = 
ax^  as  ill  the  annexed  figure. 

The  area  of  the  cubic  parabola 
is  equal  to  three  quarters  of  its 
circnmscribing  cylinder;  but  U 
CHniiot  be  reoiified  even  by  means 
of  the  rfMiic  sccliun!>. 
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Diverging  PARABni.i,  is  a  name 
given   by  Newtnn    to  a  species  of 
five   difierent   lines  of    the   third 
order  expressed  by  the  equation 
y^  =  ax'*-^  bx'-\-ex-\-  d 
The  first  is  a  bell-fomied  para- 
bola, having  an  tival  at  its  head, 
which  is  the  case  when  the  equa- 
tion   0=ax'*-{-bx*-^cx-{-d    has 
three  real  and  unequal  roots.  Tlic 
2d    in    also    bell-formed,    with    a 
punctum  coTtJHgatum  ;  which  hap- 
pens when  the  above  equation  has 
its  two  less  roots  equal.    The  3d  is 
when   the    two   preater  roots   are 
fqiiaU     The    totirth    is   when    the 
same  equation  has  two  imaginary 
roots.    The  fifth  is  when  ihe  roots 
of  the   proposed   equation  are  alt 
equal  to  each  other  ;  the  most  sim- 
ple equation    being    in    this   case 
pp^  =  x^;  which  is  the  semi-cubi- 
cul,  or  Neilian  parabola. 

If  a  solid,  yeneraied  by  the  ror 
latinn  of  a  semi-cubical  parabola 
about  its  axis,  be  cut  by  a  plane, 
each  iff  the^e  five  parabolas' will 
ue  exhibited  by  its  sections,  ac- 
cording to  the  posiiiousof  the  cut* 
ting  plane. 

Infinite  Parabolas  or  Parabo- 
Loiuss,  ure  parabolas  of  the  higher 
orders,  defined  by  the  general 
equation  «"' — »  ar»»  =  y"»y  in  ail  of 
which  the  proportion  of  the  area 
to  that  of  the  circ-umscribing  pa- 
ralleiogruin,  is  as  m  to  m-f-n. 

Parabolic  Art*.f,  are  the  arcs  of 
the  curve  t>f  a  parabola,  the  length 
of  which  may  be  found  by  tiie  fol- 
lowing formula: 

Let]»  =  parameter,  x  any  absciss 
fiom  the  vertex,  and  y  tiie  correv 
ptMidmg  right  ordiuate;  also  make 

2i/ 

-^  =  ^,  and  v'(l  +  7')=';then 

=  hP  \  qs  + 


1.  Parabolic   arc 
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that  the  angle  of  reflection  it  equul 
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PT-1  ''- r/-i'''T"rl'foTe 

(^'i'+'^^}  =  '-p+j"'  + 

IfllL  .  fron  which  by  redoe- 

lanB«ni'  is   aiwaya   doable   the 

^aq    t                         "^ 

tiun  we  nbUin  »■»■  =  ax",  an  eqna- 

Thetan«iitMT  =  4/(pi  +  ii) 

=  V(*aFXx).    If  ie\lra».  tha 
line  H  N  perpendicular  la  the  pa. 
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The  two  riillDwIng   problem*  af- 

we.h.lll.avePN=—  =- 

:i:r;;crra*n.':,^;"'irru^ 

f.,rd^^an^.ca.j.^pplicat.o,.   of    (he 
"L''Gi«n*l!'Jtii,  A  L  of  a  para- 

Xi'urtare'nt^o'ihe'^clvt-i'i 

MI'n  =  A.  (SetvriceiUniJiairi.) 
Thit  problem  merely  requiretut 

the  pnint  M  and  A  P  and  P  M  co- 

IM  fl.id  the  iwiill  Q  where  the  per- 

pendicular   HQmeeU    the    a^a. 
V,.I  liiia  pnrpoie  cairAQ^a,  Ihe 

T  P  i>  called  the  xibutiftEM^  H  N 

per))cndicnlar  toT  M  1«  taUeft  H>< 

uurual ;  and  N  P,  <lke  v>bn<>t<w\. 
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Fig.  3.  See  Fig.  1. 
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P  A   R7^P  a  K 


cause  -^  M P«  =  Z  MT  Q)   i»r  in 
symbols,  ix  :  y/  px  ::  1 :  lang  A 


Hence  x  = 


=  Jpcot«A, 


4  Uug«  A 
and  the  parMiiieter  of  the  diameter 
M  O, or  q^p-\-4K=p  (l+coi«A) 

=  •  cosec  *A  = ' 

sill  *A 

It  is  easy  lo  see  that  this  problem 
has  two  M)luti(>ns. 

3.  Given  ilie  parameter  q  of  the 
diameiei-  MO,  with  the  vertex  M 
of  that  dianieter,  and  the  angle  A 
which  it  makes  with  its  ordindtes ; 
,to  find  Ifie  axis  A  L,  its  vertex  A. 
and  its  parameter  p,  (See  the  pre 
ceding  figure.) 

This  problem  requires  us  to  find 
the  distance  M  Q  from  the  axis  to 
the  diameter,  and  then  the  dis. 
tance  A  Q,  in  omer  to  obtain  the 
vertex  A  and  the  pai-ameter  p. 
Preserving  the  same  denominutions 
as  in  th^  preceding  piuhlem,  we 
have   MQ=^j?a:,  g  =  j>4-4ar  = 

-r-£-T- .' Hence  we  obtain  »=^, 
sin*  A  /'      Y» 

sin  «A,  ar  =  Jg  cos  «A,  and  M  Q  = 
±ig  sin  A  cos  A=-f- Jg  sin  2 A. 

biquadratic  Parabola,  a  curve 
of  the  third  order,  having  two  in- 
finite legs,  and  is  geneially  ex- 
pressed by  one  of  these  three 
equations:  viz. 

a^x=:y*; 

a^arrryt  — a'y«; 

a^x  =  y»  — a-i-6.  y^  —  a  6y«. 

Cartesian  Parabola,  is  a  curve 
of  the  second  order,  expressed  by 
the  equation  xy=  ax"*  -{-  ba^-{-cx 
•^d,  ctmtainini;  four  infinite  legs; 
viz.  two  liyperbolic  and  two  para- 
bolic. 

Cubic  Parabola,  is  also  a  curve 
of  the  second  order,  having  two 
infinite  legs  tending  contrary  ways. 
If  the  absciss  louch  the  curve  in  a 
certain  point,  the  relation  between 
the  absciss  and  ordinate  is  ex- 
pressed by  the  equMtum 

P  =  ax'^-\-bx^-\-cx-\-d 
and  when  6,  c,  and  d  are  each  zero, 
the    equation    then    becomes    y  =z 
ax"^  as  in  the  annexed  tigtire. 

The  area  of  the  cubic  parabola 
is  equal  to  three  quarters  of  its 
circumscribing  cylinder;  but  it 
cannot  be  reciified  even  by  ine.ins 
of  the  conic  section!*. 
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Diverging  Paeabol^,  is  a  name 
given   by  Newtnn   to  a  species  of 
five   dificrent   lines  of    the   third 
order  expressed  by  the  equation 
y^  =  ax'*^bx*-^cx-^  d 
The  first  is  a  bell-formed  para- 
bola,  having  an  oval  at  its  head, 
which  is  the  case  when  the  equa- 
tion   0=ax'*^bx*-{-cx-{-d   has 
three  real  and  unequal  roots.  The 
2d    is    also    bi'll-formed,    with    a 
punctum  conjiigatum  ;  which  hap- 
pens when  the  above  equation  has 
its  two  less  roots  equal.    The  Sd  is 
when   the    two   greater  roots  are 
equal.     The    fourth    is  when    the 
same  equation  has  two  imaginary 
roots.    The  fifth  is  when  the  roots 
of  the   proposed   equation  are  alt 
equal  to  each  other;  the  most  sim> 
pie  equation    being    in    this   case 
py'  =  jr*;  which  is  the  semi-cabi- 
cul,  or  Neiliau  parabola. 

If  a  solid,  generated  by  the  ror 
lation  of  a  semi-cubical  parabola 
about  its  axis,  be  cut  by  a  plane, 
each  of  these  five  parabolas' will 
ue  exhibited  by  its  sections,  ac- 
cording to  the  positions  of  the  cut- 
ting plane. 

Infinite  Parabolas  or  Parabo- 
LoiuES,  are  parabolas  of  the  Ifigher 
orders,  defined  by  the  general 
equation  n»- — «  j:»»  =  y"»;  in  all  of 
which  the  proportion  of  the  area 
to  that  of  the  circumscribing  pa- 
rallelogram, is  as  m  to  m-^n. 

Parabolic  Arcs,  are  the  arcs  of 
the  curve  of  a  parabola,  the  length 
of  which  may  be  found  by  tiie  fol- 
lowing formula : 

Let  p  =  parameter,  x  any  absciss 
fioni  the  vertex,  and  y  tiie  correv 
ponding  right  ordinate;  also  make 

-^  =  j,  and  v'(l  +  5^)=';then 
y  « 


1.  Parabolic   arc 
hyp.  log.  (?  +  *)} 

2.  Parabolic   arc 
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be  found  by  thcrollovrntli 


oliillK  =  -SOa  t  D*    fcr    Ui* 
1«  wmbalDld. 
_  KM  formnlN  only  obtain  «li« 
tht  MiK  o(  the  fnau-nin  U  p«nHB- 

FAKACBNTBIC  Matin,  U  lh« 
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Ikunec  liwhat  1>  called  the  rank- 
PARALLACTIC  ^It,    li    Iha 


:nln  ofihe  aanbi  did  itrncreun 
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ing tb«  ireaiEW  Bouible  ohan  ■ 
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which  diminishes  as  the  position  of 
the  semi-diameter  makes  a  less 
angle  with  tlie  line  of  observation, 
and  that  and  it  vanish  together. 
Tlie  parallax  makes  the  body  ap* 
pear  lower  than  it  woald  be,  if 
viewed  from  ttie  centre. 

The  Borixontal  Parallax,  or 
that  which  has  place  when  Uie 
star  is  in  the  horiion,  is  the  greatest. 

Parallax  receives  paiticular  de- 
Aoniinatiuns,  according  to  the  cir- 
cle upon  which  it  is  computed. 

Parallax  of  Attitude,  is  the 
difference  between  the  true  and 
apparent  altitude  of  a  planet,  as 
above  described. 

Parallax  of  Right  Ascension 
and  Descension,  is  an  arch  of  the 
equinoctial,  by  which  the  parallax 
ot  aliitade  increases  the  ascension 
and  diminishes  the  descension. 

Parallax  of  Declinutwn,  is  an 
arch  ot  a  circle  of  dfclination,  by 
which  the  parallax  of  altitude  in- 
creases or  diminishes  the  declinap 
tion  of  a  star. 

Parallax  of  Latitude,  is  an 
aj'ch  of  a  circle  of  latitude,  by 
which  the  parallax  of  altitude  in- 
creases or  diminishes  the  latitude. 
"  Menstrual  Parallax  of  the  Sun, 
is  an  angle  formed  by  two  right 
lines ;  one  drawn  from  the  earth 
to  the  sun,  and  another  drawn  from 
the  sun  to  the  moon,  at  either  of 
itheir  quadiatures. 

Parallax  of  the  Annual  Orbit 
fOf  the  Earth,  is  the  difference  be- 
.-iween  the  heliocentric  and  geocen- 
«tric  place  of  a  planet,  or  the  angle 
jaX  any  planet  subtended  by  Uie 
(distance  between  the  earth  and 
.«un. 

Parallax  of  the  Pldnets,  The 
«xact  determination  of  the  paraN 
lax  of  the  planets  is  of  the  greatest 
importance  in  astronomy,  as  it  is 
from  that,  or  indeed  from  the  pa- 
rallax of  any  one  of  them,  we 
estimate  their  several  distances. 
For  if  the  parallax,  or  the  angle 
which  is  subtended  by  the  terres- 
trial radius,  at  any  planet  be 
icnown,  its  distance  from  the  earth 
is  also  known  }  whence  its  distance 
from  the  son,  as  also  the  distances 
of  all  the  other  planets,  will  be 
known  also,  from  the  third  law  of 
Kepler,  viz.  that  the  squares  of  the 
£43 


periodic  times  are  as  the  cubes  of 
th'e  distances. 

There  are  many  different  methods 
of  determining  the  parallax  of  the 
planets;  bat  being  an  extremely 
delicate  operati6n,  on  account  of 
the  smallness  of  the  angles,  we 
had  several  different  resulu ;  till 
the  parallax  of  Yenns  was  deter- 
mined by  means  of  her  transits  over 
the  sun's  disc,  in  1761  and  1709. 

Laplace  has  determined  the  pa- 
rallax of  the  sun  to  be  8"|,  whence 
its  distance  is  found  to  he  about 
94  million  miles.        • 

And  lience  the  pa.rallaxes  of  the 
several  planets  are  determined  as 

beiow : 

z'  Sun  •    •     8".  76 
I  Mercury  14'/.  68 
Greatest  hori.  )  Venus  •   29".  16 
asontalparal-<  Mars*  •  17". 60 
lei  of  the  . .  i  Jupiter .     2"..  08 
/  Saturn  •     l"0'iT 
V.  Uranus  *    0"416 
Parallax  of  the  Moon,    This  is 
much  n>ore  considerajblc  than  in 
any  other  of  the  heavenly  bodies, 
on  account  of  its  proximity  to  the 
earth,  and  is  much  easier  deter- 
mined than  any  of  the  others ;  one 
of  the   most  simple  and  correct 
methods  being  as  follows: 

Observe  the  moon's  meridian 
altitude  with  the  greatest  accu- 
racy, and  mark  the  moment  of  ob- 
servation :  this  time  being  equated, 
compute  her  true  longitude  and 
latitude,  and  from  these  find  her 
declination,  and  from  her  declina- 
tion, and  the  elevation  of  the  equa- 
tor,  find  her  true  meridian  alti- 
tude; if  the  observed  altitude  be 
not  meridian,  reduce  it  to  the  true 
for  the  time  of  observation ;  take 
the  refraction  from  the  observed 
altitude,  and  subtract  the  remain- 
der from  the  true  altitude ;  and  the 
remainder  is  the  moon's  parallax ; 
by  this  means  the  parallax  of  the 
moon  has  been  found  as  follows^ 
vix. 

Greatest  parallax  . .  61'    S2" 

Least  parallax  ....  64      4 

Mean  parallax  ....  67     43 

Bat  Laplace  makes)  ^6     M'^3 

her  mean  parallax        ( 

Parallax  of  the  Fixed  Stars. 
As  the  disUoces  of  U^e  heavenly 
bodies  are  determined  by  meaus  ot 
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their  parallaxes,  every  possible 
luethud  ha«  been  aitempted  to 
ascertain  ilie  parallax  ot'  fM>me  of 
the  Axed  stars,  but  their  distance 
is  so  immense,  that  not  only  have 
they  no  parallax,  as  compared 
with  the  terrestrial  radius,  but 
even  the  wliole  diameter  of  the 
earth's  orbit,  thou^fh  near  200  mil- 
lion miles,  is  not  sufficient  to  render 
any  difference  in  their  apparent 
places  at  all  evident,  which,  it'  it 
only  amounted  to  one  second, 
wudtd  be  discoverable  by  modern 
instruments.  This  distance,  there- 
fore, great  as  it  is,  is  not  more  than 
a  mere  point  compared  with  the 
distance  ot  the  nearest  of  the  fixed 
stars. 

Parallbl,  in  Geometry,  is  ap- 
plied to  hnes,  figures,  and  bodies, 
which  are  every  where  equidistant 
from  each  other,  or  which,  if  ever 
so  far  produced,  would  never  meet. 

Parallel  Right  Lines,  are  those 
which,  though  intiuitely  produced, 
would  never  meet. 

To  draw  a  line  parallel  to  a  f^iven 
line  through  a  given  point.  Draw 
a  line  meeting  the  given  line  in 
any  point;  and  make  at  the  given 
point  an  angle  equal  to  the  alter- 
nate angle  made  at  the  given  line, 
then  the  line  making  this  angle  is 
the  parallel. 

Parallel  Ruler,  an  instrument 
connistrng  of  two  wooden,  brass,  or 
steel  rulers,  equally  broad  throuuh- 
out,  and  so  joined  together  by  the 
cross  blades,  as  to  open  to  diflferent 
intervals,  and  accede  and  recede, 
yet  still  retain  their  parallelism. 
The  use  of  this  instrument  is  ob- 
vious; for  one  of  the  rulers  being 
applied  io  a  »;iven  line,  another 
drawn  along  the  extreme  edge  of 
the  other  will  be  parallel  to  it; 
and  thus,  having  given  only  one 
line,  and  erected  a  perpendicular 
upon  it,  we  may  draw  any  num« 
ber  of  parallel  lines  or  perpendi- 
culars to  them  ;  by  only  observing 
to  set  off  the  exact  distance  of 
every  line  with  the  point  of  the 
compasses. 

But  the  best  parallel  rulers  are 

those  whose  bars  cross  each  other, 

and  turn  on  a  joint  at  their  inter- 

«ection  ;  one  of  each  bar  moving 


sliding  in  grooves  as  the  ralers  re- 
cede. 

PARALLELEPIPED,  or  Paral- 
LKLopiPBD,  or  Parallblopipx- 
DON,  IS  a  solid  figure  ctmtained 
under  six  parallelograms,  the  op> 
posite  of  which  are  equal  and 
parallel;  or  it  is  a  prism  whose 
bane  is  a  parallelogram.  See  Prism. 

PARALLELISM,  the  quality  of 
being  purallel. 

Parallelism  of  the  Earth's 
Axis,  is  used  to  denote  that  inva- 
riable position  of  the  terrestrial 
axis,  by  which  it  always  points  to 
the  same  point  in  the  heavens,  ab- 
stracting from  the  trifling  effect  ot 
nutation,  Sec. 

PARALLELOGRAM,  in  Geome- 
try,  is  a  quadrilateral  right-lined 
figure,  whose  opposite  sides  are  pa- 
rallel. 

Parallelograms  receive  parti- 
cular denominations  accc»rding  to 
the  equality  or  inequality  of  its 
sides  and  angles. 

Thus  a  rectangle,  rhombus,  rhont' 
boid,  and  square,  are  each  a  parti- 
cular species  of  parallelograui8» 
for  the  properties  of  which  see  the 
several  articles. 

Other  properties  common  toe  very- 
parallelogram  may  be  enumerated 
as  follows: 

1.  A  parallelogram  has  its  oppo- 
site sides  and  angles  equal  to  each 
other,  and  the  diagonal  divides  it 
into  two  equal  triangles- 

3.  The  two  adjacent  angles  of 
any  parallelogram  are  together 
equal  to  two  right  angles. 

3.  Parallelograms  having  equal 
bases  and  altitude  are  equal ;  on 
equal  basis  they  are  to  each  other 
as  their  altitudes;  and  with  equal 
altitudes  they  are  to  each  other  as 
their  basei ;  and  generally  paral- 
lelograms are  to  each  other  in  the 
compound  ratio  of  their  bases  and 
altitudes. 

4.  The  sum  of  tlie  squares  of  the 
diagonals  of  any  parallelogram  is 
e<|ual  to  the  sum  of  the  squares  of 
the  four  sides. 

5  The  complements  about  the 
diagonals  of  any  parallelogram  are 
equal  to  each  other. 

Parallelogram  of  Forces,  is  a 
term  us^d  to  denote  the  composi- 


oa  a  centre,  and  the  oVhet  «u<d«\\A.UTi  ol  {Qtces,  or  tlie  finding  a  sia* 
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i;1e  force  that  iliall  be  equivalent 
to  two  or  more  given  forces  when 
acting  in  given  directions,  the  prin- 
ciples of  whicli  may  be  thus  illus. 
trated. 

The  simultaneous  action  of  two 
impulsive  forces  on  a  body  which 
would  impress  upon  it  separately 
the  velocities,  in  directions  making 


an  angle  with  each  other,  will 
cause  ^at  body  to  move  uniformly 
over  the  diagonal  of  the  p;iralleli>« 
•  gram  whose  sides  are  in  tUedirec- 
tions  of  those  forces. 

Let  the  body  be  situated  on  a 
plane,  tlie  containing  sidesof  which 
make  any  given  angle  with  each 
other,  and  let  the  plane  be  moved 
parallel  to  one  ot  its  containing 
sides,  and  with  an  uniform  velo- 
city, so  that  it  may  arrive  at  tlie 
other  extremity  of  that  side,  that 
is,  that  the  plane  may  have  moved 
its  whole  extent  in  any  unit  of 
time;  it  is  obvious  that,  with  te* 
gard  to  the  plane,  the  body  has  re- 
mained at  rest,  but  ttiat  with  regard 
to  space,  it  has  passed  over  a  line 
equal  to  the  side  of  the  plane. 
Suppose,  again,  that  the  body  is 
acted  upon  at  the  same  time  by 
another  force,  which  would  carry 
it  parallel  to  the  other  containing 
side  of  the  plane,  and  make  it 
arrive  at  the  extremity  of  that 
side  at  the  same  instant  that  the 
motion  of  the  plane  brings  it  to 
the  extremity  of  the  other ;  then 
it  is  obvious,  that  the  body  will 
have  arrived  at  the  angle  of  a  pa- 
rallelogram, of  which  the  lines  of 
motion  are  the  containing  sides, 
opposite  to  that  from  which  the 
body  is  supposed  to  set  out ;  and 
that  its  paili  willHiave  been  along 
the  diagonal  of  that  parallelogram. 
At  the  half  of  the  supposed  unit 
of  time,  it  will  be  at  the  middle  of 
the  parallelogram,  or  at  the  mid. 
die  of  the  diagonal ;  and  its  situa* 
tion  at  any  other  period  may  be 
easily  found.  If  the  angle  made 
by  the  two  forces,  or  motions 
which  are  the  measures  of  those 
forces,  be  a  right  angle,  the  force 
produced,  or  the  motion  which  is 
the  measure  of  that  force,  will  be 
equal  to  the  square  root  of  the  sum 
ot  their  squares;  if  less  than  a  right 
angle,  it  will  be  greater  than  this; 
Mnd,  if  greater  than  «  right  angle, 
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( it  will  be  Vess.  If  the  angle  vanish 
by  the  forces  and  motion  coincid 
ing,  the  result  will  be  their  sum ; 
and  if  it  vanish  by  their  opposing 
each  other,  it  will  be  their  differ- 
ence. 

It  could  likewise  be  shewn,  that 
if  a,  body  be  acted  on  by  two  similar 
variable  forces,  whose  directions 
and  magnitudes  are  expressed  by 
the  adjacent  sides  of  a  parallelo- 
gram meeting  in  the  body,  it  will 
describe  tlie  diagonal  of  the  paral- 
lelogram. 

Hence  it  appears,  that  in  order 
to  find  a  force  that  shall  be  equi- 
valent to  two  forceSt  whose  quan- 
tity and  direction  is  given,  we  have 
only  to  find  the  diagonal  of  the 
parallelogram,  by  the  sides  of 
which  the  given  forces  are  repre- 
sented, and  this  will  express  the 
quantity  and  direction  of  the  force 
which  is  equivalent  to  them  both. 

And  in  the  same  manner  may  be 
found  the  equivalent  to  three  or 
more  forces,  by  first  reducing  two 
6f  them  to  one  single  and  equiva- 
lent force ;  then  this  and  one  of 
the  other  given  forces ;  and  so  on. 
till  they  are  all  reduced  to  one 
equivalent  force. 

Suppose,  for  example,  it  were 
required  to  compound  three  given 
forces ;  or  to  find  the  quantity  and 
direction  of  one  single  force,  which 
shall  be  equivalent  lu  three  given 
forces. 

First  reduce  the  two  to  one*  by 
completing  the  parallelogram. 
Then  reduce  the  result  of  these 
and  the  third  to  one,  by  complet- 
ing a  second  parallelogram. 

Hence  conversely,  any  single 
direct  force  may  be  resolved  into 
two  or  more  oblique  forces ;  which 
is  done  by  merely  describing  any 
parallelogram  such  that  the  line 
representnig  the  given  single  force 
may  be  its  diagonal ;  and  as  these 
may  be  an  indefinite  number  of 
patallelograms  having  the  same 
diagonal,  so  may  any  single  force 
be  resolved  in  an  indeiinite  num- 
ber of  ways  into  two  or  more  ob- 
lique forces,  lliat  shall  produce  the 
same  effect  as  the  single  given 
force. 

PARAXLiLooaAM  of  the  Hyper' 
bolOi  is  tt%ed  U:»  d^wcAa  >\\«^  tow\\s\v»^ 
or  W15  ot  >iie  ««va^«i  ^e»xi8\V^vs^*»«f 
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inscribed  botvceen  the  curve  and 
its  asymptote.  ' 

Parallklograic  Protr actor t  a 
iMatheiiiutical  instrument,  consist- 
inp  of  a  semicircle  of  brass,  M'iili 
fniir  rulers  in  form  of  a  parallelo- 
gram, made  to  move  lu  any  angle  : 
one  of  these  rulers  is  an  index, 
which  shows  on  the  semicircle  the 
quantity  of  any  inward  or  outward 
anple. 

,  Parallelogram,  is  also  the 
name  of  an  instrument  for  copy- 
ing plans,  otherwise  called  a  Pk.x- 
tagrath. 

PARAMETER,  a  certain  and 
constant  right  line  in  each  of  the 
three  conic  sectioiis,  and  otherwise 
called  the  Lotus  Rectum^  because 
it  measures  the  conjugate  axis  by 
the  same  ratio,  which  has  place 
between  the  axes  themselves,  be- 
ing  alway  a  third  proportional  to 
:hem,  viz.  a  third  proportional  to 
.he  transverse  and  conjugate  axes 
in  the  ellipse  and  hyperbola,  and. 
which  is  the  same  thing,  a  third 
proportional  to  any  absciss  and  its 
corresponding  ordinate  in  the  pa* 

PARHELION,  or  Parhxliuh, 
denotes  a  mock  sun  or  meteor,  ap- 
pearing as  a  very  bright  iight  near 
the  sun,  being  formed  by  the  re- 
flection of  his  beams,  in  a  cloud 
properly  situated  to  receive  them. 

PARTIAL  Differences,  Theory 
of,  is  one  of  the  higher  branches 
of  the  modern  analysis,  for  the  de- 
velopement  of  which  we  are  prin- 
cipally indebted  to  d'Alembert, 
though  the  subject  had  been  pre- 
viously investigated  by  other  ma- 
thematicians. 

Integration  of  Equations  of  Par- 
tial Differences.  Let  u  be  any 
function  of  x,  y,  and  2,  and  j^  d, 
D,  the  characteristics  of  their  dif- 
ferentiation relatively  to  each  of 
the  variables,  then  an  equation 
compounded  in  any  manner,  with 
any  of  the  quantities. 


«. 

.V.           «,      &c. 

»u 

du        Du    ^ 

— > 

— >       --  >  &c. 

dx 

dy        dz 

.>.Tii 

dhi     Dht     . 

5 

5  -— -  >  fitc. 

dj:^ 

dxdif   ajcai 
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is  called  an  equation  of  partial' 
diflrer«^nces,  and  wiiich  may  be 
compounded  or  not,  with  constant 
or  linown  qUautities.  The  degree 
of  the  equation  is  estimate,d  by  the' 
liighe»t  power  of  any  of  tlie  differ- 
entials that  enters  into  it. 

^  u       du 

Thus,  — -  +  -- xy=0 

'  dx  '    dy 

is  a  partial  differential  equation  of 
the  first  degree,  the  solution  or  in. 
tegra'.ion  of  which  depends  upon 
finding  such  relation  between  the' 
variablesxandyand  the  functions; 
that  the  latter  being  first  differenced 
with  X  as  V9,riable  and  y  constant, 
and  divided  by  dx  ;  plus  the  same 
differenced  withy  as  variable,  and 
X  constant,  and  divided  by  dy,  the 
sum  of  the  two  partial  differences 

9  u        du 

1-  —    may  be  equal    to  ajr, 

dx        d  y 

and  the  method  of  performing  this 
is  called  the  integral  calculus  of 
partial  differences. 

Again 

iu    ,    du         ^      . 

is  also  an  equation  of  partial  dif- 
ferenees,  the  integral  of  which   is 

For  diiffe  ret  icing  this  first  rela- 
tively to  X  variable,  and  dividing 
}ay  dXf  we  liave 

-if  =2xy-f-y9. 
d  u 

And  the  same  with  reference  to 
y  gives 

l!f=2a:8+2aryj 
dy 

consequently 

dx      d  y 

This  integral  it  obtained  merely 
by  the  reverse  operation  by  whicn 
the  function  was  thrown  into  par. 
tial  ditferences,  and  is  therefore 
very  obvious ;  but  when  the  equa« 
tion  arises  in  the  solution  of  a  prob- 
lem or  otherwise,  providing  its 
origin  is  not  Jcn.own,  lU  Integra* 
vviw  \*  frequently  extremely  diffi- 
c\x\\.,  «ccA.  x^?^i5ivi«k  NJ^ft  moat  pro» 
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foimH  and  aiccurateanaiy  tical  judg- 
metit. 

Let  tiiere  be  propcised  llie  equa- 
tion 

ddu         a^^^u 

Suppose 
du  —  pdx  -\-  qdy  ;  dp  —  rdx  +  sdy  ; 
dq  =  sfix  -\-  tdy,  then  t:^cfir 
therefore 

dq  =  sdx   +  *^  ^^y*  *"<* 
tutp  =  ardx  •+-  asdy. 
W  hence  mdp  +  rf^  =  (*  +  ar)  (dx 
■^-ady)  which  is  one  complete  dif- 
ferential, and  therefore  its  equal 
(s  +  ar)  {dx  +  ady)  must   be   one 
likewise  ;  and  consequently  s-^ar 
is  some  function  of  ar  -|-  oy»  &iid  ap 
-{-  9  another  function  also  of  x  -f- 
ay. 
Let  therefore  ap  •\-  q  =fix  +  oy) 
and  ap  —  q  =J1  (x  —  ay) 
the  latter  being  obtained   in   the 
same  manner  as  the  former. 
Wlience  2adu=^ 

(dx  4-  ady).f  (x  +  ay)  + 
(dx  —  ady).f,{x  —  ay) 

and  iiiiegraijng,2a»  =  4»(jr-|-fly)-t* 
^'  (x  —  ay)  an  integral  equation, 
whatever  may  be  the   functions  ^ 

and  <plf  which  functions  are  to  be 
determined  from  the  nature  of  the 
problem.  See  Mem.  of  Berlin  f<n- 
1747,  1748,  1750,  and  1763 ;  vols.  i. 
and  ii.  of  the  Memoiren  of  Turin ; 
and  the  Opuscules  of  d'Alembert, 
and  the  other  papers  referred  to  in 
the  preceding  part  of  this  article. 

PARTICLE,  the  minute  part  of 
a  body,  or  an  assemblage  of  seve- 
ral atoms  of  whicli  natural  bodies 
are  composed.  This  term  is  fre- 
quently used  as  synonymous  with 
atom,  corpuscuie,  and  molecule, 
but  sometimes  it  is  disthiguished 
from  them.  ' 

PARTICULAR  Integral^  in  the 
Integral  Calculus,  is  that  which 
arises  in  the  nttegration  of  any  dif- 
ferential equation,  by  giving  a  par- 
ticular value  to  the  arbitrary  quan- 
tity or  quantities  that  enter  into 
the  general  integral. 

Thus,  for  example,  in  tke  equa* 
tion 

dx  ax* 

the  general  integral  is 

y  =  4m  (x  —  m) 
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and  by  making  m  =s  i,  this  be* 
comes  y  =  4  (x  —  1,;  which  i»  a 
particular  integral. 

We  call  also  particular  integrals 
those  which  are  obtained  by  means 
of  an   equation  of  inferior  dimen-, 
sions;  thus,  in  the  above,   if  we 
make  x  =  y,  we  sliall  have 

^         dy  dy  ^      ^ 

which  obviously  answer  th6  con- 
ditions of  the  equation. 

So  also  in  the  equation 

arrfar  4-yrfy  =  dy^  (a^  +  y«— a«) 
it  is  easy  to  see,  that  afl-{-  y**=a*) 
answers  the  condititm  of  the  equa> 
tion,  and  is  therefore  called  by 
soihe  a  particular  integral.  But 
neither  this,  nor  that  found  above, 
viz.  acary,  are  dedncible  from  the 
general  integration  of  theequation 
whence  they  are  derived,  and  they 
thus  differ  from  the  particular  in* 
tegral  above  defined ;  so  that  thi? 
term  ought  not  to  be  employed  to 
denote  the  two  distinct  cases;  and 
accordingly  some  authors  distin- 
guish the  integrals  arising  from 
such  equations  into  three  kinds, 
viz. complete integral,vf\nc\i is  that 
drawn  from  the  general  integra- 
tion ;  Htvincomplete  integraly  which 
is  that  found  as  above,  by  means  of 
an  equation  of  inferior  dimensions  ; 
and,  lastly,  a  particular  integral, 
which  is  that  aiising  from  giving 
to  the  general  indeterminate  quan- 
tities in  th<'  complete  integral 
some  particular  value.  Others, 
again,  m  Lagrange  in  his  "  Lefons 
des  Functions,"  instead  of  incom- 
plete integrals  calls  them  vaUures 
slngulaire. 

If,  in  the  case  of  two  variables, 
we  consider  these  as  the  rectangu- 
lar co-ordinates  of  a  curve,  it  is 
obvioqs  that  we  nwy  imagine  as 
many  different  curves  to  be  des- 
cribed, as  tl^ve  may  be  particular 
values  given  to  the  general  inde- 
terminate quantity  ;  and  if  it  hap- 
pens  that  these  curves  have  one 
constant  quantity  common  ^*i  them 
all,  then  the  same  tangent  touch- 
ing all  the  curves,  must  involve  in 
its  equation  the  element  of  one  uf 
those  curves,  yet  this  tangent  is  not 
one  of  the  curves,  and  therefore 
Its  equation  is  not  obtainable  from 
the  complete  integraiion. 
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a  mechanical  instrument  in  form 
of  a  waich  ;  oousistuig  of  various 
wlieels,  witlt  teeth  catching  in  one 
another,  all  disposed  in  the  satne 
plane ;  which,  by  means  of  a  chain 
or  string,  fastened  to  a  man's  foot, 
or  to  the  wheel  of  a  chariot,  ad> 
Tance  a  n»tch  each  step,  or  each 
revolution  of  the  wheel ;  so  that 
the  number  being  marked  on  the 
edge  of  each  wheel,  one  may  num- 
ber the  pace$,  or  measure  exactly 
the  distance  from  one  place  to  an> 
other. 

PB  LEGO  ID,  or  Pklecoid^s, 
hatchet  form,  in  Geometry,  contam- 
ed  under  the  two  inverted  quad- 
rantal  arcs,  and  a  semicircle. 

The  area  of  the  pelecoid  is  de- 
monstrated to  be  equal  to  the 
square  of  the  quadrantal  chord. 

PENCIL  of  Rayst  in  Optics,  de- 
notes a  4iuniber  of  rays  diverging 
from  some  luminous  point,  which, 
after  falling  upon  and  passing; 
through  a  lens,  converge  again  on 
entering  the  eye. 

PENDULUM,  in  Mechanics,  He- 
notes  any  heavy  body  B,  suspend- 
ed upon,  and  moving  about  some 
fixed  point  at  A,  as  a  centre. 

A  is  called  the  centre  of  motion, 
or  of  suspension^  and  the  line  pass- 
ing through  this  point,  parallel  to 
the  horizon,  the  axis  of  oscillation, 
and  that  point  in  the  body  K,  into 
which,  if  all  the  matter  of  the 
body  was  condensed,  so  as  still  to 
perform  its  oscillations  in  tliesame 
time,  is  called  the  centre  of  oscil- 
lation ;  and  the  distance  of  this 
point  from  the  point  of  snspension, 
is  accounted  the  length  of  the  pen- 
dulum. 

Pendnhims  receive  particular  de- 
nominations, according  to  the  ma 
terials  of  which  they  are  compos- 
ed, or  the  purposes  they  are  in- 
tended to  nnswer  ;  for  an  account 
of  which  see  the  subsequent  part 
of  this  article  ;  we  shall  here  con- 
fine our  reniarks  to  the  theory  of 
the  simple  pendulum. 

•Vimj7/ePKNDULDM,  theoretically 
considered,  is  a  single  weight  at- 
tached to  a  string  supposed  to  be 
devoid  of  gravity,  and  oscillating 
freely  without  resistance,  either 
from  friction  or  the  air.  Its  pro- 
pel lies  are  these : 

IMS  ^ 


I.  In  small  circular  arcs.  1.  The 
vibrations  of  the  same  pendalam, 
or  of  different  pendulums  of  the 
same  length,  and  in  the  same 
place,  in  very  small  arcs  of  circles, 
are  always  performed  in  the  same 
time.  2.  The  Telocity  of  the  bob, 
in  the  lowest  point  of  the  arc,  will 
be  very  nearly  as  the  length  of 
the  chord  of  the  arc  which  it  des 
cribes  in  its  descent.  3.  The  times 
of  vibration  of  different  pendalumt 
^re,  to  each  other,  as  the  sqaare 
roots  of  their  lengths.  Or  their 
lengths  are  as  the  squares  of  the 
number  of  vibrations  perlbrnied  in 
the  same  time.  4.  On  the  suppo- 
sition above  made,  viz.  that  there 
is  neither  friction  nor  resistance 
opposed  to  the  motion  of  the  pen- 
dulum, that  motion  woulci  be  per 
petual,  that  is,  the  force  which  it 
acquires  in  its  descent  would  carry 
it  up  to  the  same  height  on  the 
opposite  side,  which  would  be 
again  repeated  in  its  descent,  and 
thus  it  would  continue  to  oscillate 
constantly  through  the  same  arc, 
and  consequently  its  vibratioiu 
uniform  and  perpetual.  But  as  il 
is  impossible  to  divest  it  of  these 
two  retarding  forces,  it  is  obvioas, 
as  well  from  theory  as  practice, 
that  without  the  application  of 
some  external  forqe,  the  vibrations 
will  be  shortened  in  every  ascent, 
and  the  motion  of  the  pendulum 
ultimately  cease.  5.  The  time  of 
vibration  in  a  circular  arc  of  any 
sensible  magnitude,  is  expressed 
by  the  following  formulae  : 

time  =  p  ^  —x  >  l-\ 2  4- 

Where  d  =  or  twice  the 
length  of  the  pendulum,  a  =  the 
versed  sine  of  half  the  arc  of  vi- 
bration, g=  16X  half  the  force  of 

gravity,  and  p  =  3*1410  the  cir- 
cumference of  a  circle  whose  dia- 
meter is  I.  0.  When  a  is  very 
small,  as  we  have  supposed  in  the 
preceding  cases,  then  writing  2/ 
instead  of  d,  and  omitting^  ail  the 
terms  in  the  above  series  beyond 
the  second  as  being  inconsiderable, 
we  siiali  liave 


-   J^X(»l  +  ii)     r.OrifiD- 
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JsWIl.or^   Inc1>«    tor 
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cycloid  the  time  iB  limply  f  =  -J 
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of  tiic  vessel,  In  order  lo  slioilen 
the  column.  And  thus  may  the 
cxpansiiiu  and  contraction  Of  the 
quicksilver  in  ihe  glass  be  made 
exactly  to  balance  the  expansion 
and  contraction  of  the  pendulum 
rod,  and  thus  preserve  the  distance 
between  the  centre  of  oscillation 
and  the  point  of  suspension  inva- 
riably the  same. 

PENETRABILITY,  the  capa- 
biliiy  ot  being  penetrated. 

FENETJIATION,  is  used  princi- 
pally tu  denote  the  forcible  entry 
of  one  solid  body  within  another 
by  means  of  a  projectile  motion, 
communicated  to  the  former,which 
enables  it  to  displace  those  parts 
of  the  latter  with  which  it  comes 
in  contact.  Or,  the  penetration 
may  be  otherwise  produced,  by  the 
action  of  son>e  percussive  force 
acting  upon  one  of  the  bodies  when 
■u  contact  with  the  other;  these 


two  cases,  however,  differ  rather 
in  circumstances  than  in  principle, 
and  therefore  in  the  slight  sketch 
we  shall  give  of  tliis  subject,  we 
shall  consider  the  penetrating 
body  to  be  projected  with  a  cer- 
tain  velocity,  and  impinging  upon 
the  fixed  body  in  a  direction  per> 
pendicular  to  its  surface.  This  is 
a  subject  of  considerable  import- 
ance  in  military  and  naval  gun- 
nery, and  has  been  accordingly 
treated  Of  by  different  writers  on 
these  subjects  ;  Dr.  Hutton,  in  par« 
ticular,  has  made  several  experi- 
ments on  different  substances,  and 
with  different  charges  of'  powder, 
and  different  weight  of  shot,  in 
order  to  procure  data  from  which 
the  penetration  in  other  cases  may 
be  determined.  The  mean  results 
of  the  most  accurate  of  his  experi- 
ments, as  given  in  vol.  iii.  of  his 
Tracts,  are  stated  below. 


Velocity  in 

Substance. 

Diam;  of  iron  shot 

Penetration. 

feet. 

ih  inches. 

1000 

Elm 

1-96 

20  inch. 

1200 

Ditto 

106 

15 

1500 

Ditto 

2*78 

30 

1060 

Ditto 

278 

16 

liUO 

Oak 

5*04 

84 

1300 

Earth 

5'SS 

15  feet 

In  these  experiments,  the  gun 
WHS  placed  so  near  the  object,  that 
the  initial  velocity  of  the  ball  was 
not  changed,  and  the  penetration 
WHS  made  lengthways  of  the  tim- 
ber, which,  in  the  first  four  cases, 
WHS  sound  elm,  cut  off  near  the 
root  of  the  tree;  the  other  two 
experiments  were  made  by  Robins, 
and  given  by  that  author,  with 
some  others,'  in  his  Tract  on  Gun- 
nery. The  first  two  experiments, 
with  the  velocity  1600  and  1200 
feet,  give  20  and  15  inches  for  the 
penetration,  being  precisely  in  the 
ratio  of  the  two  velocities;  but, 
this  ratio  does  not  obtain  in  the 
next  two  experiments;  in  fact,  it 
is  pretty  obvious  that  this  cannot 
be  the  case,  unless  the  resisting 
force  of  the  wood  was  unifcymly 
the  same  throughout,  which  can- 
not be;  its  density  about  the  pene- 
trating body  increasing  every  in- 
stant, in  consequence  of  the  pails 
forced  in  by  the  ball,  which  ac- 
coj^nts  for  Uie  resuits,  as  deduced 
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by  Dr.  Hutton,  on  this  hypothesis 
not  agreeing  with  each  other. 

Supposing  the  resisting  force  of 
the  wood  to  be  uniform,  and  re- 
presentfng  it  by/,  the  Telocity  by 
V,  and  the  space  described  by  s, 
also  g  =  16kt  feet,  the  spuce  des- 
cribed by  a  body  by  gravity  in  one 
second,  we  shall  have  on  the  prin- 

ciple  of  forces/  =  — ,  and  ap- 
plying this  formula  to'each  of  the 
al>ove  cases  for  the  same  substance, 
each  of  them  will  be  found  to  give 
different  results,  which,  if  the  re. 
sistance  was  uniform,  ought  all  to 
agree  with  each  other,  or  nearly 
so;  and  the  same  objection  must 
necessarily  have  place  with  regard 
to  the  times  of  penetration.  It  is 
probable,  however,  that  this  hypo- 
thesis, of  uniform  resistance,  may 
not  much  affect  the  results  in  draw- 
ing a  comparifton  between  the  pe- 
netration of  bodies  of  different 
densities,  maguitttides,  Aec.  becajts* 
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Iwr«  we  do  not  require  any  abso- 
lote  quantities  but  their  ratios; 
witli  regard  to  each  otiier,  under 
this  point  of  view,  if  d  is  made  to 
represent  the  diameter  of  the  ball, 
ft  Its  density,  that  of  water  being 
one,  /  the  height  of  a  column  of 
^vater  equal  to  the  resisting  force 
of  the  wood  or  body  penetrated, 
a  =  *78£F4,  g'=  IG  feet,  then  It  may 
readily  be  shown  from  tlie  doctrine 

of  forces  that /=  — ,  and  *= 

9sg 

■  ■  ^.     ;  from  which  formnlas,  and 
ojg 

the  preceding  experiments*  all 
cases  of  penetration  on  the  sulv 
stances  there  given  may  be  deter- 
mined. 

From  these  formuhe  it  appears, 
that  the  depth  penetrated,  is  as 
the  density  and  diameter  of  the 
hall,  and  the  square  of  the  velo- 
city, divided  by  the  strength,  or 
resisting  force,  of  the  matter  or 
obstacle ;  so  that  if  equal  balls  be 
discharged  against  the  obstacle, 
the  depths, will  be  as  the  squares 
of  the  velocities. 

PENNYWEIGHT,  theSOth  part 
of  an  ounce  Troy.  This  weight 
derived  its  name  from  being  ex- 
actly the  weight  of  an  ancient 
£n{!li»h  silver  penny. 

PENTAGON,  in  Geometry,  is  a 
figure  qf  five  angles;  and,  conse- 
quently, also  of  five  sides,  and 
when  these  are  both  equal  it  is 
called  a  regular  pentagon;  but, 
otherwise,  it  is  irregular. 

The  angle  at  the  centre  of  a  pen- 
tagon is  72^,  and  the  angle  of  its 
sides  144°.  The  area  of  a  penta- 
gon, whose  side  is  one,  isl*7204774; 
consequently,  when  the  side  is  «, 
the  area  =  jf*  X  1-7404774. 

PENTAGRAPH,  an  instrument 
will)  which  designs  of  any  kind 
may  be  copied  in  any  proportion 
at  pleasure,  without  being  skilled 
in  drawing. 

PENUMBKA,  in  Astronomy^  a 
faint  or  partial  shade  observed  be- 
tween the  perfect  shadow  and  the 
fall  of  light  in  an  eclipse. 

Tiiis^  arises  from  the  magnitude 
of  the  sun,  for  were  he  only  a  lu- 
minous point,  the  shadow  would 
be  everywhere  perfect;  but,  in 
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consequence  of.  his  diameter,  it 
happens,  that  a  place,  which 
though  not  illuminated  by  the 
whole  body  of  the  sun,  may,  not- 
withstanding, receive  a  part  of  his 
rays. 

Penumbras  must  be  constant  at- 
tendants of  all  eclipses,  whether  of 
the  son,  moon,  or  planets,  primary 
or  secondary ;  but,  with  us,  they 
are  most  obvious  in  eclipses  of  the 
sun,  which  is  the  case  above  al* 
laded  to. 

PERAMBULATOR,  an  instm. 
ment  for  measuring  distances, 
called  also  a  pedometer,  way  wiser, 
and  surveying  wheel.  This  wheel 
is  so  constructed  as  to  roeasare  o«t 
a  pole,  or  10^  feet  in  two  revela- 
tions, and  consequently  its  circum- 
ference is  8^  feet,  and  its  diame- 
ter S'OSe  feet  nearly.  To  the  wheel 
is  attached  a  sort  of  double  pole, 
where  the  machinery'is  contained, 
which  works  by  means  of  the  re- 
volution of  the  wheel ;  and  at  the 
other  end  is  a  dial,  which  exhibits 
the  number  of  miles,  furlongs,  Ace. 
passed  over;  the  whole  being 
driven  forward  by  a  person  on 
foot,  or  drawn  along  by  a  carriage 
to  which  it  is  sometimes  attacked. 
This  machine  is  extremely  conve- 
nient and  expeditious,  but  it  ia  not 
always  quite  accurate,  in  conse- 
quence of  the  unevenness  of  the 
road. 

PERCH,  in  Land  Measure,  the 
40th  part  of  a  square  rood,  contain- 
ing 30^  square  yards. 

Pbbch,  is  also  sometimes  used  as 
a  measure  of  length,  being  equal 
to  04  yards,  or  164  feet,  and  is 
otherwise  called  a  rod  or  pole. 

PERCUSSION,  in  Mechanics, 
the  striking  of  one  body  against 
another,  or  the  shock  arising  from 
the  collision  of  two  bodies.  This 
is  either  dir§ct  or  oblique^ 

Direct  Percussion,  is  when  the 
impulse  takes  place  in  a  line  per- 
pendicular to  the  plane  of  impact. 

Oblique  Percussion,  is  that 
which  takes  place  in  any  direction 
not  perpendicular  to  the  plane  of 
impact. 

The  Tlteory  of  Pekcussion,  is  a 
subject  which  has  much  engaged 
the  attention  of  philosophers,  par- 
ticularly with  regard  to  the  com- 
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piirison  of  percussion  and  pressure, 
one  party  maintaining  a  perfect 
congruity  between  these  two 
forces,  whiie  oliiers  assert  their 
total  incomparability,  observing 
that  the  least  quantity  of  percus- 
sion is  greater  than  any  pressure, 
however  great ;  for,  say  they,  the 
momentum  of  a  body  is  measured 
by  its  mass  into  its  velocity,  if 
therefore  the  body  A  moves  with 
a  velocity  v,  while  the  b^dv  B  is 
at  rest,  or  has  no  velocity  ;  the  mo- 
mentnm  of  the  former  is  A  X  v, 
and  of  the  latter  B  X  0,  and  conse- 
quently the  former  is  infinitely 
greater  than  the  latter. 

But  however  plausible  this  rea- 
soning may  appear  at  first  sight,  it 
is  evidently  erroneous  as  to  the 
fact.  Daiiv  experience  will  con- 
vince us,  that  thongh  the  advanta^ 
ges  gained  by  bodies,  moving  swift- 
ly, are  very  great  overthose  which 
oppose  merely  a  resistance  of  pres- 
sure, yet  that  they  are  by  no  means 
infinite.  Numerous  circumstances 
will  suggebt  themselves'  to  the 
mind,  which  prove,  that,physicaU 
ly  speaking,  we  may  balance  any 
percussive  force  by  an  equivalent 
one  of  mere  pressure,  or  even  we 
may  make  the  latier  greater,  so  as 
to  overcome  the  former. 

The  pile-engine  offers  a  remark- 
able confirmation  ot  this  equality, 
or  even  preponderance  on  the  siae 
of  pressure.  It  has,  for  instance, 
been  found,  that  in  driving  piles  in 
a  uniform  sandy  soil  of  the  same 
density  to  47  feet,  the  piles  could 
not  be  driven  more  than  15  I'eetby 
any  percussive  blow  that  could  be 
communicated  by  the  engine  ;  that 
i.«,  the  friction  and  resistance  of 
the  soil,  which  may  be  cohsidered 
as  a  pressive  force,  was  greater 
than  any  percussive  force  that 
could  be  employed  by  the  pile-en- 
gine, although  the  rammers  made 
use  of  were  extremely  great. 

And  hence,  when  we  are  com- 
puting the  effect  of  a  pile-engine, 
it  will  be  necessary  to  estimate  first 
the  quantity  of  percussion  that  is 
equivalent  to  the  resistance  and 
friction  opposed  to  the  pile ;  as  no 
momentum  short  of  this,  or  even 
just  equal  to  it,  will  produce  any 
effect,  and  when  the  momentum  is 
greater  than  this,  it  is  only  the  dif- 
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ference  between  the  two  that  is 
effective  in  producing  motion  in 
the  pile.  And  to  this  circumstance 
must  be  attributed  the  many  erro- 
neous solutions  that  appeared  a  few 
years  back  to  the  question.  "  What 
must  be  the  height  ot  a  pile-enguie 
to  produce  the  greatest  effect  in  a 
given  time  V*  This  question,  at  first 
sight,  appears  to  be  the  same,  with 
asking  how  high  must  the  pile-en- 
gine be  to  produce  the  greatest 
momentum  in  a  given  time;  but 
by  using  this  principle  the  solution 
always  gave  the  height  =  0 ;  that 
is,  the  greatest  effect  will  be  pro- 
duced when  the  rammer  is  lelt  at 
rest  on  the  top  of  the  pile. 

But  if,  instead  of  proceeding  thus, 
we  first  estimate,  or  find  from  ex- 
periment, the  height  to  which  thte 
rammer  must  be  drawn,  in  order' 
that  its  momentum  may  be  equi« 
valent  to  the  resistance  of  the  pile, 
and  then  considering  the  differ- 
ence between  this  and  any  greater 
momentum  to  be  only  the  effective 
part,  a  very  rational  solution  will 
he  obtained. 

But,  before  entering  upon  the  sol  u- 
tion  of  this  problem,  it  will  be  pro- 
per to  offer  a  few  farther  remarks 
with  regard  to  the  comparability 
of  percussion  and  jpressnre,  be- 
cause the  solution  ultimately  de- 
pends upon  a  proper  comparison 
of  those  quantities,  and  a  want  of 
due  attention  to  which  seems  to 
have  been  the  cause  of  the  erro- 
neous results  generally  deduced  in 
the  solution  of  this  problem. 

Without,  indeed,  entering  into  a 
discussion  concerning  the  congru- 
ity oV  incongruity  ot  these  forces, 
ii  is  obvious,  that  they  may  be  so 
employed  as  to  produce  the  same 
or  equal  results.  A  nail,  for  ex- 
ample, may  be  driven  to  a  certain 
depth  into  a  block  of  wood  by  the 
blow  of  a  hammer,  or  it  may  be 
sunk  to  the  same  depth  by  the  pres- 
sure of  a  heavy  body ;  whence,  and 
from  numerous  other  instances,  it 
is  obvious,  that  pressure  and  per- 
cussion, whether  congruous  or  in- 
congruous in  their  nature,  are  at 
least  comparable  in  their  effects. 

With  regard  to  the  above  prob- 
lem, the  resistence  and  friction  of 
the  soil  against  the  pile  may,  as 
above  observed,   be  considered  as 
%  G  3 
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eral  result  will  be  obtained.  But 
s  this  asfitimed  lavr  of  resistance 
last  be  totally  sappositipus,  and 
robably  very  diflferent  from  tliat 
hich  arises  in  practice,  ttie  pre- 
eding  detennination  (supposing 
le  value  of  h  to  have  been  found 
Y  experiment  towards  the  con- 
fusion of  the  operation  of  the  en. 
ne)  is  probably  more  accurate 
lan  thatVhich  would  result  from 
le  above  supposition  of  a  variable 
iw  of  resistance. 

Fur  it  must  be  observed,  that  or,  as 
•und  above,  is  always  tlie  same 
inction  of  h  ;  that  h  increases  as 
le  blows  are  repeated,  and  con- 
:quently  x  also  increases  each 
ow;  but  the  distance  between 
le  top  of  the  pile  and  the  top  o'f 
le  engine  also  practically  in- 
'eases  each  stroke,  bv  the  depth 
lepile  has  penetrated. 
PERFECT  Number  J  is  one  that 
equal  to  the  sum  of  all  its  divi- 
rs,  or  aliquot  parts. 

To^nd  a  Perfect  Number. 
Find  aw—  1   a  prime   number, 
en   will  2»  — 1  X  (2»— 1)   be  a 
rrfect  number. 

For  2»  —  1  =  1  4- 2 -f- 28 -{- 2' -f  a*, 
;.  2«  —  1 ;  and  it  is  demonstrated 
'  Euclid,  in  the  last  prop,  of  book 
.  that  if  the  above  series  be 
ntinued  till  its  snm  be  a  pHme, 
en  that  sum  multiplied  by  the 
St  term  of  the  series  will  be  a 
rfect  number;  which,  therefore, 
identically  the  same  as  the  above 
rmula,  and  the  truth  of  the  theo- 
m,  under  its  analytical  form, 
ly  be  demonstrated  as  follows : 
nee  2"  —  1  is  a  prime,  pat  it =6, 
d  2»»-- »  =  2'»  =  a»;  then  the 
ove  reduces  to  a"*b.  Nov  the 
m  of  the  divisors  of  a"*  6 
apt +  1  —  1      6i  +  i_i 

is  formula,  the  number  itself  is 

nsidered  as  a  divisor,  which  is 

eluded     in     perfect     nomber; 

erefore  the  sum  of  the  divisors, 

clasive  of  the  number  itself,  is 
+  i_  1      fti  +  i^  \ 

1—1  ft— 1 

PERIGEE,  or  PsRiOiBDii,  in  the 
\clent  Astronomy,  signided  the 
arest  approach  of  the  sun,  or  any 
the  j)lanets^  to  the  earth  ;  or  ra* 
cv  that  poiuLui'  their  oibtt  when 
355 


at  their  lestst  distance :  a  term 
which  the  modems  have  changed! 
to  periheiioH,  because  it  is  the 
earth  that  is  in  motion  and  not  the 
sun,  as  was  supposed  by  the  an- 
cients. The  term  perigee  is,  how- 
ever, still  properly  used,  as  ap- 
plied to  the  moon,  comets,  Ac.  to 
denote  their  nearest  approach  to 
our  planet. 

PERIHELION,  or  Pbrirbliuh, 
that  point  in  the  orbit  of  a  planet 
or  comet  which  is  nearest  to  the 
sun  ;  being  the  extremity  of  their' 
transverse  axis  nearest  to  that  f(»- 
cus  in  which  the  sun  is  {Placed ; 
being  thus  opposed  to  the  aphe- 
lion, which  is  thie  f)ppo6ite  extre- 
mity of  the  same  axis. 

Tne  perihelion  distances  of  tl^ 
several  planets,  the  mean  distance 
of  the  earth  from  the  sun  being 
taken  as  unity,  are  as  follows  : 

Perihelion  Distances  ,o/  the  Pirn- 
nets,  the  Mean  Distance  of  the 
Earth  being  Unity. 

Mercury I9I583] 

Venus •7104793 

Earth    ••<••••      •0831 4A8 

Mars •  •    1-4305505 

Vesta 22707800 

Juno  ••••••••   S4IS2100 

Ceres     •  • 2  OS00660. 

Pallas •   •    2  5222080 

Jupiter*  ••..••   5*15410127 

Saturn 9  4820022^ 

Uranus •   •  lO- 1360347 

PERIMETER,  in  Geometry,  ihe 
boundary  of  any  figure  ;  being  the 
sum  of  all  the  sides  in  right-lined 
figures,  and  means  the  same  as 
circumference,  or  periphery,  iiicir> 
cular  ones. 

PERIOD,  in  Astronomy,  is  the 
time  in  which  a  planet  or  satellite 
makes  one  entire  revolation  in  its 
orbit,  or  retnrn  again  to  the  same 
point  in  the  heavens. 

PERIPHERY,  the  same  as  peri- 
meter or  circumference :  perhne- 
ter,  however,  is  more  commonly 
used  in  speakin|r  of  right-lined, 
figures  ;  and  periphery,  of  curvi- 
linear  ones* 

PERMX7T^TI0N3,  the  changes 
in  the  position  of  things ;  differing 
from  combinations  in  this,  that  the 
latter  has  no  reference  to  the  or- 
der in  which  th&  quantities  are 
combined  ;  whereas,  in  the  tornier, 
this  ordei[  is  coji«ideted,  aiM  con- 
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(•eqnently  the  number  of  permata- 
lions  always  exceeds  the  niunbei* 
<»t*  combinations.  Permutation  ajso 
differs  from  what  is  simple,  termed 
dianges  in  this ;  that,  by  changes, 
is  commonly  meant  only  the  diffe« 
lent  order  in  which  a  number  of 
things  may  be  arranged,  taking  all 
together ;  whereas  permutaiiuns 
implies  a  combination  of  a  number 
of  things  into  different  sets,  and 
the  changes  which  may  tlien  have 
place  amongst  them. 

In  general,  the  number  of  per- 
mutations may  be  ibund  by  first 
finding  the  number  of  combina- 
tions, and  then  the  number  of  per- 
mutations in  each ;  and  the  pro- 
duct of  these  is  tiie  whole  number 
4>f  permutations. 

PERPENDICULAR,  in  Geome 
iry,  is  formed  by  one  line  meeting 
another  so  as  to  make  the  angles 
on  each  side  of  it  equal  to  each 
jother. 

PxRrtNDicuLAB  to  a  Curve,  is  a 
Sine  perpendicular  to  the  lungeu; 
4)f  the  curve  at  that  point. 

Pbrpbndiculab  Action  of  Gra- 
»Uif,  is  the  direction  which  it  give8 
to  a  body  falling  freely,  which  u 
Always  in  a  line  perpendicular  to 
a  tangent  to  the  eartn'»  surface  at 
that  point,  and  not  necessarily  in 
A  line  directed  to  the  centre  oi  the 
«artiu 

PERPETUAL  Afotion,  is  that 
which  possesses  within  itself  the 
principle  of  motion ;  and,  conse. 
4iuently,  since  every bodyin  nature, 
when  in  motion,  would  continue 
in  that  state,  every  motion  once 
begun  would  be  perpetual  but  for 
the  operation  ot  some  external 
causes ;  such  are  those  of  friction, 
resistance,  &c. :  and  since  it  is  also 
a  known  principle  in  mechanics, 
that  no  absolute  power  can  be 
gained  by  any  combination  of  ma- 
chinery,  except  there  being  at  the 
same  lime  an  equal  gain  in  an  op- 
posite direction ;  but  that,  on  the 
contrary,  there  must  necessarily 
be  some  lostfroin  il;)e.above  causes, 
it  follows  that  a  perpetual  motion 
.«an  never  take  place  from  any 
pure  mechanical  contbinalion. 

PERPETUITY,  in  the  Doctrine 

of   AnnuitieSf  is    the    number   of 

years  in  which  the  simple  interest 

,of  anv  priucipi^  sum  will  amount 
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to  the  same  as  the  principal  itself; 
or  it  is  the  quantity  arising  by 
dividing  100,  or  any  other  princi- 
pal, by  its  inteiest  for  one  year. 
Thus  the  perpetuity,  at  the  rate  of 
6  per  cent,  is  lAfi  =  20  years  ;    and 

at  4  per  cenL  lS&  =  25  years. 

PERSPECTIVE,  Uie  art  of  deli- 
neating visible  objects  on  a  plane 
surface,  such  as  they  appear  at  a 
given  distance  or  height  upon  a 
transparent  plane,  supposed  to  be 
placed  commonly  perpendicular 
to  the  horizon,  between  the  eye 
and  the  object.  Perspective  is 
divided  into  Aeriai  and  Lineal, 
tlie  loimer  having  principally  a 
reference  to  the  colouring  and 
shading  of  distant  objects,  and  the 
Litter  us  above  defined,  wliich  re- 
lates to  the  position,  magnitude, 
form,  6lc.  of  the  several  lines  or 
Contours  of  objects,  &c.  This  part, 
in  fact,  is  the  only  branch  of  per- 
spective that  properly  f<ills  witliin 
ihe  design  of  the  present  work, 
nnd  to  which  we  shall  confine  oar 
observations. 

PHANTASMAGORIA,  denotes  a 
remarkable  optical  illusitm,  arising 
from  a  particular  application  of 
the  magic  lantern.  In  the  exhibi- 
tion  of  this  spectacle,  the  audience 
are  placed  in  a  dark  room,  having 
a  transparent  screen  between  them 
and  the  lantern,  which  screen 
oiiuht  to  be  let  down  after  the 
li<;iitsare  withdrawn,aud  unknown 
to  tlie  spectators. 

The  lantern  being  then  properly 
adjusted  on  the  opposite  side,  the 
hcure  intended  to  l>e  exhibited  is 
thrown  upon  the  screen,  which 
will  appear  to  the  observers  as  if 
placed  in  free  space,  and  by  alter- 
ing the  distance  of  the  lantern  the 
figure  may  be  made  to  appear  of 
any  size ;  which  changes  in  its 
dimensions  are  attributed  by  the 
observers  to  the  distance  or  proxi- 
mity of  the  image,  m>  that  at  one 
time  it  appears  to  be  at  an  immense 
distance,  and  at  another  to  be  ex- 
ceedingiy  near,  and  over  the  heads 
of  some  part  of  the  audience. 

PHASES,  in  Astronomy,  denote 

the  various  appearanceof  the  moon 

al  different  ages,  being  at  one  time 

a  creMcent,  then  a  semicircle,  theu 

,  -gibbous,    and    lastly    full ;     after 
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which  the  same  phases  return  again 
in  the  same  order.  Venus  and 
Mercury  have  the  same  phases  as 
the  luoun,  and  Mars  partakes  of 
them,  in  some  measure,  being  at 
times  gibbous ;  the  same  must  also 
have  place  in  a  less  degree  with 
tlie  other  superior  planets.  The 
same  terra  is  also  applied  lo  denote 
the  appearance  of  the  moon  or  sun 
when  eclipsed. 

PHENOMENON,  is  stricUy  an 
appearance,  but  more  commonly 
confined  to  those  only  of  an  extra- 
ordinary naiure,  particularly  as  re- 
lating to  the  heavens,  or  heavenly 
bodies ;  as  comets,  meteors,  shoot- 
ing stars,  &c.  We  also  speak  of 
the  phenomena  of  the  magnet,  of 
clectricilx ,  &c. 

PHYSICAL,  any  thing  relating 
to  physics. 

FHYSICO-Mathenuitics,  is  the 
same  as  mixed  mathematics,  be- 
ing those  branches  of  this  science 
which  investigates  the  laws  and 
actions  of  bodies,  and  their  com- 
binations,  by  means  of  certain  data 
drawn  from  observation  and  ex- 
periment. 

PHYSICS,  is  a  term  denoting 
the  same  as  experimental  or  natu- 
ral ptiilosophy  ;  being  the  doctrine 
of  natnrai  bodies,  their  phenomena, 
causes,  and  elTects,  with  their  va- 
rious affections,  motions,  and  ope- 
rations. 

Erperimental  Physics,  is  that 
which  enquires  into  the  nature  and 
reason  of  things  by  experiments, 
as  in  hydrostatics,  pneumatics,  op- 
tics  chemistry,  &c. 

Mechanical  Physios,  explains 
the  appearances  of  nature  from 
the  matter,  motion,  structure,  and 
figures  of  bodies,  and  titeir  several 

{)urts,  according  to  the  establisiied 
aw8  nf  nature. 

PIERS,  in  the  theory  of  Bridges, 
are  the  vails  built  to  support  the 
arches,  and  from  which  as  bases 
thoj'  spring. 

PILE^,  in  Building,  are  large 
stakes  or  beams  sharpened  ai  the 
end,  and  shod  with  iron,  to  be 
driven  into  the  ground  for  a  foun- 
dation to  build  upon  in  marshy 
places. 

PiLE-Enghtey  is  an  engine  used 
for  the  purpose  of  driving  piles. 
Of  the  principles  of  the  operation 
of  this  engine,  see  PfiECVsaioA'. 
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PiLB,  in  ArtilUrjft  denotes  a  eol. 
lection  or  heap  of  balls  or  shells, 
piled  up  in  a  pyramidal  form,  the 
base  being  some  regular  fifi^ure,  as 
an  equilateral  triangl|J|Kiuare,  oc 
rectangle,  and  the  wi-Dle  pile  a 
series  of  such  figures,  the  side  of 
each  successive  row  diminishing  by 
one  from  the  bottom  upwards. 

Therefore  the  whole  number  of 
balls  is  equal  to  the  sum  of  a  series 
of  triangular  numbers,  squares,  or 
rectangles,  according  to  the  figure 
of  the  pile :  and  may  be  expressed 
by  the  following  formulae. 

Triangular  p^e  g=      'J        — ' 

square  pile        ;=  i       '      i  ■ 

6 

Rectangular  pile 

m(m  -f  IH'w — ♦«  + 1) 

0 

Where  nin-the  two  first  formulaft 
denote^  th<i  number  of  balls  in  the 
side  of  the  base ;  and  in  the  latter, 
n  is  the  nnmh^r  of  balls  in  the 
length  of  the  base,  and  m  the  num- 
ber of  tho4e  in  the  breadth. 

These  formulae  are  difilcult  to 
remember  upon  an  emergency ; 
and  therefore  the  following  general 
rule,  for  this  purpose,  which  is  not 
commonly  known,  is  deserving  the 
notice  of  artillery  ofilcers.    . 

Bule,  In  every  pile  there  may 
be  found  th>ee  parallel  lines,  tite 
sum  of  which,  multiplied  by  the 
number  of  balls  in  the  triangular 
face  of  the  pile,  and  divided  .by  8, 
is  the  number  of  balls. 

In  the  rectangular  pile  the  three 
parallel  lines,  are  the  two  bottom 
rows  in  length,  and  the  upper  ridge 
of  the  pile ;  and  the  face  the  than- 
gulnr  end. 

In  the  square  pile  any  two  op- 
posite sides  of  the  square  base,  and 
the  upper  ball,  a*e  three  parallel 
lines.  And  in  the  triangle  pile  one 
side  of  the  bottom  row,  the  oppo- 
site extreme  ball,  and  tlie  upper 
ball,  are  the  three  parallel  sides; 
the  face  in  both  these  cases  being 
any  of  the  equal  slant  sides  of  the 

**  PINION,  in  Practical  Mechanics, 
is  any  small  wheel  working  in  the 
teeth  of  a  larger  wheel. 

PISTON,  in  Mechanics,  denote* 
a  short  cylinder  worfcmg  within 
another  hollow    cylinder^  as    iu 
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water  and  air-pumps,  and  tome 
other  niucliiiies 

PLANE,  or  Plaim,  in  Geometry, 
denote  a  surface  or  superficial  ex- 
tension, l;^ig  evenly  between  its 
bounding  lines ;  being  such,  that  if 
a  right  line  tonch  ii  in  two  points, 
it  will  touch  through  iis  whole  ex- 
tent. 

The  same  term  is  also  frequently 
Qsed  in  astronomy,  for  an  ideal 
plane  passing  through  certain  parts 
or  points  of  tlie  heaven,  as  the 
plane  of  the  horizon,  of  tlie  ecliptic, 
equator,  6cc,  by  which  is  to  be  un« 
derslood  certain  ideal  planes  pas- 
sing through  those  circles  of  the 
•phere,  or  on  which  they  are  sup- 
posed to  be  described.  And  on 
•imilar  principlei  we  say  a  vertical 
plane,  horizontal  plane,  to  denote 
planes  pacing  in  those  directions. 

Plank  Problem,   See  Locus  and 

PaOBLBM. 

PiiANB  Table,  in  Surveying,  a 
very  !simple  instrument,  whereby 
the  draught  of  a  field  is  taken  on 
the  spot,  without  any  future  pro* 
traction.  It  is  generally  of  an  ol>- 
long  rectangular  figure,  and  sup- 
ported by  a  fulcrum,  so  as  to  turn 
every  way  by  means  of  a  ball  and 
socket,  ft  has  a  moveable  frame, 
which  serves  to  hold  fast  a  clean 

fiaper ;  and  the  sides  of  the  frame, 
acing  the  paper,  are  divided  into 
equal  parti>  every  way.  It  has  also 
a  box  with  a  magnetic  needle,  and 
a  large  index  with  two  sights ;  and 
lastly,  on  the  edge  of  the  frame, 
are  marked  degrees  and  minutes. 
To  use  this  instrument,  take  a  sheet 
of  paper  which  will  cover  it,  and 
wet  it  to  make  it  expand ;  then 
•liread  it  flat  on  the  table,  pressing 
down  the  frame  on  the  edges  to 
stretch  it,  and  keep  it  fixed  there  ; 
and  when  the  paper  is  become  dry, 
it  will  by  contracting  again,  stretch 
itself  smooth  and  fiat  from  any 
cramp  and  nnevenness.  On  this 
paper  is  to  be  drawn  the  plan  or 
tonn  of  the  thing  measured. 

Thus,  begin  at  any  proper  part 
of  the  ground,  and  make  a  point 
on  a  convenient  part  of  the  paper 
or  table,  to  represent  that  place  on 
the  ground  ;  then  fix  in  that  point 
one  leg  of  the  compasses,  or  of  a 
fine  flteel  pin,  and  apply  to  it  the 
graduated  edge  of  the  index,  mov- 
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ing  it  round  till,  through  the  sights, 
vou  perceive  some  remarkable  ob- 
ject, as  the  corner  of  a  field,  &c. ; 
and  from  the  station  point  draw  a 
line  with  the  point  of  the  compasses 
along  the  graduated  edge  of  the 
index,  which  is  called  setting  or 
taking  the  object ;  then  set  another 
object  or  corner,  and  draw  its  line  ; 
do  the  same  by  another,  and  so 
on,  till  as  many  objects  are  taken 
as  may  he  thought  fit.  Then 
measure  from  the  station  towards 
as  many  of  the  objects  as  mav  be 
necessary,  but  not  more ;  taking 
the  requisite  offsets  to  corners  or 
crooks  in  the  hedges,  laying  the 
measures  down  on  theirrespective 
lines  on  the  table.  Then,  at  any 
convenient  place  measured  to,  fix 
the  table  in  the  same  position,  and 
set  the  objects  which  appear  from' 
that  place,  and  so  on  as  before. 
And  thus  continue  till  the  work  is 
finished,  measuring  such  lines  only 
as  are  necessary,  and  determining 
as  many  as  ma^  be,  by  intersecting 
lines  ot  direction,  drawn  from  dii 
ferent  stationst 

PLANEI',  a  wandering  star,  as 
distinguished  from  the  fixed  stars, 
which  always  preserve  the  same 
relative  position  with  respect  to 
each  other.  Hence  it  follows  that 
comets  and  satellites  are  included, 
according  to  the  original  significa> 
tion  of  this  term,  under  the  same 
general  denomination  ;  in  fact,  the 
early  astronomers  had  no  idea  of 
comets  being  permanent  bodies, 
and  as  they  were  also  unacquaint- 
ed with  any  satellite  but  the  moon. 
which,  with  the  sun,  was  supposed 
to  revolve  about  the  earth,  it  was 
natural  for  them  to  class  .both 
under  tlie  same  general  appella* 
tion. 

But  modern  astronomers,  in  order 
to  make  a  distinction  between 
these,  define  a  planet  to  be  a  celes- 
tial body  revolving  aboat  the  sun, 
as  a  centre,  with  a  moderate  de- 
gree of  eccentricity  ;  thas,  exclud- 
ing comets,  the  eccentricity  of 
whose  orbits  is  very  cimsiderable ; 
and  the  satellites  which  revolve 
about  their  primaries  as  the  prima- 
ries do  about  tlie  sun.  These  last 
are,  however,  Hometimes  called 
seeo'tdary  planets, 

Tae   planets   belonging  to  o«f 
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from  considering  Uiat  body,  not 
•imply  u  tlie  cause  of  heat,  but  as 
an  immense  mass  of  fire,  possessing 
in  itseif,  independent  of  any  other 
agent,  the  power  of  heat ;  whereas 
\bcre  is  every  reason  to  conclude 
tkat  it  is  only  by  a  combination  of 
th«  solar  ravs  with  certain  parts  of 
oar  atmosphere  that  the  eifect  is 
produced.  Water  poured  upon 
unslaked  lime  generates  heal  in 
the  combined  mass,  and  if  we 
coald  imagine  a  being  existing  in 
sach  a  mass,  we  should  have  ho 
difficulty  in  conceiving,  that  he 
would  attribute  that  quality  to  the 
water  which  we  attribute  to  the 
tun,  although  in  this  case  the  cou- 
trarv  is  evident. 

Elements  of  the  Planbts,  are 
certain  quantities  which  are  ne- 
cessary to  be  known  in  order  to 
determine  4he  theory  of  their  el- 
liptic motion. 


Astronomers  reckon  seven  bf 
those  quantities,  of  which  five  re- 
late to  the  elliptic  motion,  viz.  1. 
The  duration  of  the  sidereal  revc»> 
lution.  2,  The  mean  distance,  or 
semi-axis  msjor.  3.  The  eccen- 
tricity, from  which  is  derived  the 
greatest  equation  of  the  centre. 
4.    The    mean    longitude    of   the 

ftlanet  at  any  given  epoch.  B,  The 
ongitude  of  the  perihelion  at  the 
same  epoch. 

The  two  other  elements  relate 
to  the  position  of  the  orbit,  and 
are.  It  The  longitude  at  a  given 
epoch  of  the  nodes  of  the  orbit 
with  the  ecliptic.  %  The  inclina* 
tion  of  the  orbit  to  tliis  plane. 
These  several  elements,  as  givea 
by  Laplace,  '*  Systeme  da  Monde." 
3d  edition-,  are  contained  in  the 
following  table,  which  presents 
also  a  general  view  of  the  planet- 
ary system. 


Elements  and  General  View  of  the  PlanetatySyetem, 


Names 

of  the 

Planets. 


Mercury 
Venns. 
Earth  .  . 
Mars  . . . 
Testa . . . 
Jnno .  • . 
Ceres  .  • 
Pallas . . 
Jupiter  . 
Saturn  . 
Uranus  . 


Duration  of  a 
Sidereal  Re- 
volution. 


Mean 

Distance 

from  the 

Sun. 


Days 

8'7060*23804 

22470082300 

3(55-256)8350 

066  071)61860 

1335 '20500000 

1590-90800000 

1681-53900000 

1681-70P000U0 

4332-59630760 

10758  06984001) 

30688  71268720 


Ratio  ol 
ihe  Ec- 
centrici- 
ly  to  hall 

the  Ma- 
jor Axis. 


•3870981 
•7C33323 
I  000(H>00 
1 -5236935 
2-3730U00 
26671630 
2'76740C0 
2-7675920 
5  20*^79  II 
9  5387705 
19  1833050 


Mean 

Longi- 

tude,Jan- 

1,  1801. 


20551494 

00665298 

01685318 

00313400 

-00322000 

25494400 

07834860 

-24538400 

-048I7»40 

056)6830 

04667030 


Mean 
Longi- 
tude of 
the  Pe- 
rihelion 


Longi- 
tude of 
the  as' 
ceiiding 
Node. 


182°15647 
11 "93012 
lir28179 
71°24145 
297*12990 
322^79380 
294° 16820 
280-68580 
»24''C7781 
150^38010 
I  or  64244 


82^6256 
142'»9077 
110*5571 
369*3407 
277°4630 

59*2349 
162*9565 
134*7040 

12*3812 

99*0549 
185*9574 


Inciinf 
tion  of 

the  Or- 
bit to 
the 

Ecliptic 


tfi'odsi 

83»1972 
0*0000 

53*3605 
II4'>4«30 
190" 1228 

SO^'OOSS 
19P7148 
109*3624 
124*3662 

80*9488 


rTwss 

O'iH)0M 
2*0S«9 
7*»40M 


li*b()(Ki 

38*46511 

1*46»4 

2*771« 


*  These  angles,  as  also  those  in  the  precrding  columns,  answer  t» 
the  French  division  of  the  circle :  the  same  Hceording  to  the  usual 
divisi  n  are  given  Id  table  III.  as  copied  froui  the  Eoioborgh  Eucf^ 
eloped  la. 
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Elements  and  Gerkeral  View  of  the  Planetary  Systtm, 


Names 

of  the 

Planets. 


Sun  .  ... 

Mercury 
Venus  .. 

Earth... 
Moon... 

Mars  ... 
Ceres... 

PalUs... 

Juno  ... 
Vfsta ... 
Jupiter . 

Saturn  . 
Uranus . 


Mran 
Diaqa.  iu 
English 

utiles. 


883245 
3224 
7687 

7911 
2180 

4189 

JfiS) 
1024  3 
802 
8099  J 
1425 
238 
89170 

79«48 
Sim 


Mfan  Dis- 
tance from 
the  Sun  in 
milliuns  of 
Miles. 


37,000000 
68,000000 

95.000(M}0 
95,000000 

144,000000 
863,000000 

865,000000 

852.000000 
225,000000 
499,000000 

900,000000 
l,80u,0()0O0O 


Mean 
apparent 
Diam.  as 

seen 
from  th^ 

Earth. 


10 
58 


Mean 

Diam. 

as    seen 

from  tb« 

Sun. 


31/  8 
«7 

6-4} 
0-5^ 
0-5  J 

3 
0*5 

39 

18 

S-54 


16'/ 
SO 

17-8 
4-6 

10- 


V 

16 

4 


Densi- 
ties, thai 
of  Waler 

being 
one. 


Z 


1i^ 


proper 
tional 

Qfianti* 
ties  uf 

Matter. 


333928 

0-1654 
0  8899 

1 
0025 

00875 


Diurnal  Ro'si 

tion  on  tb«ir 

own  Axis. 


a 


d   h   m 
25  U    8 

]f4  24    5  28 
0  23  80  54 

10    0    0 
29  ir  44    3 

0  24  39  22 


312*J 

97-76 
16-84 


o  955  37 

0  10  16    8 


E  Karnes 

f  of' the 

►  riaiiets. 

r 


?. 


) 


Sun  -• 
Mercury 
Venus- - 
Earth  -  - 
Moon  .  . 
^ais--. 
Ceres  -  - 
Pallas - 
Juno  ••• 
Vesta  -  - 
Jupiter  • 
Saturn  • 
XJrauus 


Inclination 
of  Axes 
to  Orbits. 


82<»  44/  0" 


66 
88 
59 


32 
17 
82 


90  nearly 
Go  probably 


Inclina- 
tion of 
Orbit  to 

the 
Ecliptic. 


76  01  0" 
3  23  25 

0  0    0 
593 

^1  51    0 
10  37     0 
34  50  40 
21     0 
7    8  46 

1  8  56 

2  29  50 
0  46  20 


Place  of 

Aphelion  in 

Jan. 1800. 


Motion 
of  Aphe 

Hon  in 
100  yrs. 


8»14»80'50'' 
10    7  59    1 
9    8  40  12 


2  24  4 
25  57  15 

I  7  O 
tg  49  33 

9  42  53 
11     &80 
8  29    4  11 
11  16  30  31 


5 
4 

10 

7 
2 

6 


*33/  45" 
1  21     0 
0  19  35 


1  51  40 


Motion 

of  the 

M^ofltsin 

lOo  yrs 


Eccen- 
tricities 
mean 
Dist. 
being 
f  100,000. 


O  51  4(1 


J  4fi  4<) 


1  34  33 

i  50    7 
I  29    2 


0  59  30 
g  55  34) 
44  35 


7955-4 

498 

1681*395 


Greatest 

Equatioir 

of  the 

Centre. 


141ft3'7 

HI41 

24^30 

25096 

9322 

?5P13«3 

53r)49'42 

v)0e04 


2S»40/  0" 

0  4720 

1  55  SO'9 


10  40  40 

9  20    8 

28  25    0 


5  90  38 

6  86  48 
5  87  16 
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MATHEMATICAL  AKO  PHYSICAL  SCIENCE. 


PLANETARIUM,  an  astronomi- 
cal muchine,  cunirived  to  repre- 
sent the  motions,  orbit,  &c.  of  the 
pUneis,  as  they  really  are  in  na- 
ture, according  to  Che  Copernican 
systtem.  The  larger  sort  of  them 
are  railed  orreries. 

PLANETARY,  somethi;ig  that 
relates  lo  the  planets. 

PLANXTAar  Sifstem,  is  the  system 
or  assemblage  of  the  planet%  pri- 
mary and  secondary,  moving  in 
their  respeclix'e  orbits,  round  their 
comnutn  cenire  the  sun. 

PLANIMETRY,  that  partof  geo- 
metry which  coubiders  lines,  and 
plane  figures,  wiitiout  any  regard 
to  heights  or  deptiis.  Planimetry 
is  particularly  resuicted  to  the 
mensuration  of  planes  and  other 
surfaces ;  as  contradistinguished 
from  stereometry,  or  the  mensura- 
tion of  solids,  or  capacities  of 
length,  breadth,  and  depth. 

Planimetry,  is  perlornted  by 
means  of  the  squares  of  long  mea- 
sure, as  square  inches,  squaie  feet, 
square  yards,  &c. ;  that  is,  by 
squares  whose  side  is  an  inch,  a  foot, 
a  yard,  &:c.  Su  that  the  area,  or  con- 
tent,  of  any  surface,  is  said  to  be 
found,  when  it  is  known  how  many 
such  square  inches^  feet, yards,  &c. 
it  contains. 

PLANISPHERE,  a  projection  of 
the  sphere,  and  itn  various  circles, 
on  a  plane  ;  as  upon  paper  or  the 
like.  In  this  sense,  maps  of  the 
heavens  and  the  earth,  exhibiting 
the  meridians  and  other  circles  of 
the  sphere,  may  be  called  plani- 
spheres. 

Planisfbere  is  sometimes  also 
considered  as  an  astronomical  in- 
strument, used  in  observing  the 
motions  of  the  heavenly  bodies ; 
being  a  projection  of  the  celestial 
sphere  upon  a  plane  representing 
the  stars,  constellations,  &c.  in 
their  proper  situations,  distances, 
&c.  As  the  astrolabe,  which  is  a 
common  name  for  ail  such  projec- 
tions. In  all  planispheres,  the  eye 
is  supposed  to  be  in  a  point,  view- 
ing all  the  circles  of  trhe  sphere, 
and  referring  them  to  a  plane  be- 
yond them,  against  which  the 
sphere  is  as  it  were  flattened  ;  and 
this  plane  is  called  the  plane  of 
projection,  which  is  always  some 
one  of  tlie  circles  of  the  sphere  it- 
S6i 


self,  or  pandlel  to  some  one  of 
them. 

P  L  A  N  O,  Concave  and  Convex 
Lens;  a  lens  which  is  flat  on  the 
one  side  and  concave  or  convex 
on  the  other. 

PLATONIC  Bodies,  the  same  as 
Regular  Bodies,  which  see. 

Platonic  Year,  or  \.\\e  great  year, 
is  the  period  of  time  determined 
by  the  revolutitm  uf  the  equinoxes, 
upon  a  supposition  of  th^  preces- 
sion going  on  uniformly  till  they 
have  made  one  complete  revolu- 
tion. 

PLEIADES,  an  assemblage  of 
seven  stars  in  the  neck  of  the  con- 
stellation of  Taurus:  of  which, 
however,  there  are  bat  six  nov 
visible  to  the  naked  eye. 

PLENIUM,  in  Philosophy,  is  that 
state  of  things  in  which  every 
part  of  space,  or  extension,  is  sap- 
posed  to  be  full  of  matter;  in  op- 
position to  a  vacuum,  which  is  a 
space  devoid  of  all  matter. 

PL01TIN6,  in  Surveying,  is  the 
art  of  laying  down  on  paper,  &e. 
the  several  angles  and  lines  of  a 
tract  of  ground  surveyed  by  u 
theodolite,  &c.  and  chain.  Id  sur- 
veying with  the  plain  table,  the 
plotting  is  saved  ;  the  several  an- 
files  and  distances  being  laid  down 
on  the  spot  as  fast  as  they  are 
taken.  But,  in  working  with  the 
theodolite,  semicircle,  or  circani. 
ferentor,  the  angles  are  taken  ia 
degrees ;    and    the    distances   iu 


chains  and  links,  so  that  there  re- 
mains an  after  operation  to  reduce 
these  numbers  into  lines,  and  so  to 
form  a  draught,  plan,  or  map; 
this  operation  is  called  plotting. 
Plotting  then  is  perforinedby  two 
instruments,  the  protractor  and 
ploliing-scale.  By  the  first,  the 
several  angles  observed  in  the 
field  with  a  theodolite,  or  tlie  like, 
and  entered  down  in  degrees  in 
the  field-book,  are  protracted  on 
paper  in  their  just  quantity.  By  the 
latter  the  several  distances  mesp 
sured  with  the  chain,  and  entered 
down  in  the  like  manner  in  the 
field-bookj  are  laid  down  in  their 
just  proportion. 

Plotting  Seaie^  a  mathemittical 
instrument,  usually  of  wood,  some- 
times of  brass,  or  ot,her  nuitter; 
and  either  a  foot ,  or  half  a  foot 
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long.  On  one  side  of  the  instru- 
ment are  Several  scales  or  lines, 
divided  into  equal  parts.  Tlie  first 
division  of  the  first  scale  is  subdi- 
vided into  ten  equal  parts,  to 
vrhich  is  prefixed  the  number  of 
10,  signifying  that  ten  of  these 
subdivisions  make  an  inch  ;  or 
that  the  divisions  of  that  scale  are 
decimals  of  inches.  The  first  divi- 
sion of  the  second  scale  is  likewise 
subdivided  into  10,  to  which  is 
prefixed  the  number  16,  denoting 
that  sixteen  of  these  sttbdfvisions 
make  an  inch.  The  first  division 
of  the  third  scale  is  subdivided  in 
like  manner  into  20,  to  which  is 
prefixed  the  number  20  ;  to  that  of 
the  fourth  scale  is  prefixed  the 
number  24 ;  to  that  of  the  fifth  32 ; 
that  of  the  sixth  40 ;  that  of  the 
sei^enth  48  ;  denoting  the  number 
of  subdivisions  equal  to  an  inch  in 
each  respectively.  The  two.  last 
scales  are  broken  off  to  make  room 
for  two  lines  of  chords.  Tiiere  are 
also  on  the  back  side  of  the  instru- 
ment a  diagonal  scale. 

As  to  the  use  of  the  plotting-scale, 
if  we  were  required  to  lay  down 
any  distance  upon  paper,  suppose 
6  chains  50  links  \  draw  an  indefi- 
nite line  ;  then  sitting  one  foot  of 
the  compasses  at  figure  6  on  the 
scale,  e.  gr.  the  scale  of  20  in  an 
inch,  extend  the  oiher  to  5  of  tiie 
subdivisions  for  the  50  links ;  this 
distance  being  transferred  to  the 
line,  will  exhibit  the  6  chains  SO 
links  required. 

If  it  be  desired  to  have  6  chains 
60  links,  take  up  more  or  less 
space,  take  them  off  from  a  greater 
or  lesser  scale,  i.  i,  from  a  scale 
that  has  more  or  fewer  divisions 
in  an  inch. 

To  find  the  chains  and  links  con- 
tained in  a  right  line,  or  one  that 
is  just  drawn,  according  to  any 
scale,  e.  gr.  that  of  20  in  an  inch. 
Take  the  length  of  the  line  in  the 
compasses,  and  applying  it  to  the 
given  scale,  you  will  find  it  ex- 
tend from  the  number  0  of  the 
great  divisions  to  5  of  the  small 
ones :  hence  the  given  line  contains 
C  chains,  50  links. 

PLUMBLINE.  a  line  having  a 
plummet  or  weight  attached  to  it, 
in  order  to  find  a  peipendicular^ 

PLUNGER,  the  solid  brass  cy.J 
3«i 


Under  used  as  a  forcer  in  forcing 
pumps, 

PLUS,  in  Algebra,  the  affirma- 
tive or  positive  sign  -}-,  which  sig- 
nifies addition.  The  ancient  alge- 
braists used  the  word  plus  at  full 
length,  after  which  the  initial  was 
employed,  and  finally  the  sign  -f, 
which  was  first  introduced  by 
Stefelius  in  his  arithmetic. 

PLUVIAMKTER.  See  Rain  Gtf^e. 

PNEUMATICS,  is  that  branch  of 
natural  philosophy  which  treats  of 
the  weight,  pressure,  elasticity, 
&c.  of  elastic  fluids,  but  more  par- 
ticularly of  the  air,  the  history 
and  principles  of  which  will  be 
found  under  the  articles  Air,  At' 
mosphere,  Barometer,  &c. 

POINT,  in  Geometry,  according 
to  Euclid's  definition,  is  that  which 
has  no  parts  or  dimensions,  nei* 
ther  length,  breadth,  nor  depth  ; 
and  therefore  marks  position  on\y. 

Point  receives  also  various  de- 
nominations in  the  doctrine  of 
curves,  optics,  perspective,  &c. 
which  are  all  defined  under  the 
respective  adjectives. 

Physical  Point,  is  the  smallest 
or  least  sensible  object  of  sight, 
and  is  thus  distinguished  from  a 
geometrical  point,  which  has  only 
position,  being  of  no  magnitude  or 
dimension. 

Points  of  the  Compass,  are  the 
32  principal  pointy,  into  which  the: 
compass  card  is  divided,  or  the 
|)oints  of  the  horizon  towards 
which  these  are  directed.  See 
Compass. 

POLAR,  something  relating  to 
or  situated  near  the  potest. 

Polar  Circles,    See  Circle, 

POLARITY,  the  quality  of  a 
thing  having  poles,  or  a  tendency 
to  turn  itself  into  a  certain  posi- 
tion, but  more  particularly  used 
with  reference  to  the  magnet. 

POLE,  in  Astronomy,  one  of  the 
extremities  of  the  imaginary  axis 
on  vhich  the  sphere  is  su})posed> 
to  revolve-  Tliese  two  points  aru 
each  90  degrees  from  the  equator, 
that  towards  the  north  being  called 
the  north  pole,  and  the  other  the 
south  pole. 

Pole,  in  Geography,  one  of  the 
points  on  which  the  teri'aqneoiis/ 
globe  turns,  each  of  them  being 
90  degrees  distant  from  the  eqiia- 
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ftar,  and  are  dbenomtnated  the 
north  or  south  pole,  according  as 
they  point  towards  the  north  or 
south  points  of  tlie  heavens. 

In  consequence  of  the  inclination 
jof  the  terrestrial  axis  to  the  plane 
(if  the  ecliptic,  and  its  parallelism, 
during  its  annual  motion  in  its 
orbit,  these  parts  of  the  world 
have  only  one  day  and  one  night 
thronghoat  the  year,  each  con- 
iinuing  for  about  six  months. 

It  is  singnUr  that  though  the 
poles  have  a  longer  duration  of 
light  than  any  other  parts  of  the 
globe,  yet  the  name  by  which 
Ihey  are  denoted  in  most  lan- 
fiuages,  both  ancient  and  modern, 
is  derived  from  terms  signifying 
darkness  and  obscurity ;  but  though 
they  really  enjoy  longer  light  upon 
the  whole  than  any  other  parts, 
yet,  in  consequence  of  the  obli. 
iqttity  with  which  the  rays  of  the 
aun  fall  upon  them,  and  the  great 
length  of  winter  night,  the  cold  is 
ao  intense,  that  those  parts  of  the 
globp  that  lie  near  the  poles  have 
liever  been  fully  explored,  though 
the  attempt  has  been  repeatedly 
made  by  the  most  celebrated  navi- 
^tnrs. 

BlevmtUm  of  the  Pole,  is  an  an- 
gle subtended  between  the  horizon 
x>f  any  place  and  a  line  drawn 
from  thence  to  the  pole,  which  is 
^always  equal  to  the  latitude  of 
the  place. 

Pole,  in  Spherics,  a  point  equally 
ilistant  from  every  part  of  the  cir. 
cumference  of  a  great  circle  of  the 
.sphere  ;  or  it  is  u  point  00°  distant 
from  the  plane  of  a  circle,  and  in 
a  line,  called  the  axis,  passin«; 
perpendicularly  through  tl^e  cen- 
tre. The  zenith  and  nadir  are  the 
poles  of  the  horizon  ;  and  the  poles 
ja{  the  equator  are  the  same  with 
jthose  of  the  sphere* 

Poles  of  the  Ecliptic,  are  two 
points  on  the  surface  of  the  sphere, 
/Its'  30/  distant  from  the  poles  of 
the  world,  and  00  distant  from 
^very  part  of  the  ecliptic, 

Poles,  in  Magnetism,  are  two 
|)otnts  of  a  loadstone,  correspond- 
ing to  the  poles  of  the  world  ;  the 
.one  pointing  to  the  north,  the 
.other  to  the  south, 

Pole,  in  Land  Measure,  is  a  li- 
ji^e^ir  measure  equal  to  5^  yards ; 
8(U 


or  a  square  measnre  of  S0|  tcHiftre 
yards. 

Pole,  or  Polar  Star,  is  a  star  #rf 
the  second  magnitude,  the  last  in 
the  tail  of  Ursa  minor.  Its  longi- 
tude Mr.  Flamsteed  makes  %V  \4l 
41" ;  its  laUtude,  Off  4f  11'^  The 
nearness  of  this  star  to  the  pole, 
whence  it  happens  that  it  never 
sets,  renders  it  of  vast  service  in 
navigation,  &c.  for  detennining  th« 
meridian  line,  the  latitude,  &c 

POLlBMOSCOPE,  in  optics,  a 
kind  of  reflecting  perspective-glass 
invented  by  Hevelius,  who  com- 
mends  it  as  useful  in  sieges,  &c. 
for  discovering  what  the  enemy  is 
doing,  while  the  spectator  liea  hid 
behind  an  obstacle. 

POLITICAL  Arithmetic,  H  the 
^t  of  reasoning  by  figures  of^a 
matters  relating  to  government, 
such  as  the  revenues,  nunt(>er  «l 
people,  extent  and  value  of  land, 
taxes,  trade,  &c.  in  any  nation. 
These  calculations  are  generaHy 
made  with  a  view  to  ascertain  the 
comparative  strength,  prosperity, 
&c.  of  any  two  or  more  nations, 
and  is  otherwise  called  Statistics, 

POLLUX,  in  Astronomy,  one  of 
the  Twins  in  the  constellation  Ge- 
mini, also  u  fixed  star  of  the  se- 
cond magnitude  in  that  coastella* 
tion. 

POLYACOUSTIP,  any  thing  that 
multiplies  sound. 

POLYGON,  in  Geometry,  a  mul- 
tilateral figure,  or  a  figure  whose 
perimeter  consists  of  more  than 
four  sides,  and  consequently  hav- 
ing more  than  four  angles.  If  the 
angles  be  all  equal  among  them- 
selves, the  polygon  is  said  to  be  a 
regular  one  ;  otherwise  it  i$  irre- 
gular. Polygons  also  take  parti- 
cular names  according  to  the  num- 
ber of  their  sides ;  thus  a  polygon 
of 

3  sides  is  called  a  trigon, 

4  sides  is  called  a  tetragon, 

5  sides  is  called  a  pentagon, 

6  sides  is  called  a  hexagon,  fto. 

and  a  circle  may  be  considered  as 
a  polypon  of  an  infinite  number  of 
small  sides,  or  as  the  limit  of  the 

polygons. 

Polygons  have   various   properi 
ties,  as  below  : 
1.  Every  polygon  may  be  <l|v|^ 


P  OL- 
cd  into  u  mwif  tr1in£tea  tu  It  liu 

I.  The  »nel"  "'  any   Pn'yeon 

iDnus'lD  both  rctuJu-  uid.  IrnEn- 
3,  Every  regular  polyeon    may 

nccriHrity   Iln   CBie  i(  llie  paLj- 


^nmbcrur'ildniicidj'.    7or°iftlie 

and  Ibe  otUer  b™  rqwl  'aelch 
Dlh?r,  bat  din'crcnt  froMi  the  fiir- 
Bjer  liDir  ihe  s^nali  being  placed  | 
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ID 

IV 
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IM 
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CtherwUe,  Tb  inscribB  a  Polygim 
0H  a  C<rc/e.— Draw  a  diaineier,and 
divide  ii  into  as  many  cqnal  ]>iirts 
ju  the  'figure  has  sides.  Froin  ih^* 
extremities  of  the  diameter  a^  cen- 
l.res,  with  the  radius  =  the  diame- 
ter, describe  arcs  crossing  each 
x>ther.  From  the  point  of  section, 
-through  the  second  diviuon  of  the 
diameter^  draw  a  line.  Join  the 
pomts,  and  the  distance  between 
the  point  where  jt  cuts  the  ciicle, 
and  the  nearest  extremilv  of  llie 
diameter  will  give  JLhe  side  of  the 
polygon. 

Another  method,  something  more 
accurate,  is  bv  erecting  a  periwn 
dicul.ar  from  the  centre,  ot  such  a 
lefigth  that  ihe  part  without  the 
circle  shall  be  equal  to  {^  of  thai 
within,  and  drawing  a  line  from 
its  iextreniity  through  the  second 
division  as  before*  - 

In  the  preceding  part  of  the  ar> 
ticle  it  is  observed,  that  any  regu- 
lar polygon  may  be  inscribed  in, 
or  circumscribed  about  a  circle  ; 
bat  this  must  be  understood  under 
certain  modi^aiious  ;  all  that  is 
meant  is,  that  Uiere  is  nothing  in 
the  nature  of  the  problem  to  ren 
der  it  imponsible ;  and  not  that  any 
polygon  may  hie  geometrically  in- 
scribed. 

In  fact,  the  number  of  polygons 
that  admit  of  a  geojinetrical  con- 
struction is  very  limited,  viz.  tiie 
equilateral  triangle,  the  square 
and  pentagon,  and  those  figures 
whose  number  of  sides  are  some 
multiples  of  these  ;  to  which  Ghuss 
has  lately  added  the  17  sided.poly- 
gon,  and  its  multiples,  and  some 
others,  viz.  all  those  polygons 
whose  number  of  sides  is  a  prime, 
and  of  the  form  «» -f  J. 

It  is  obvious  that  the  side  of  a 
polygon,  inscribed  in  a  circle,  cor- 
responds to  the  cliord  of  the  angle 
of  that  polygon  at  the  centre,  or  lo 
twice  the  sine  of  half  that  ungle, 
and  thai  the  perpendicular  falling 
from  the  centre  to  that  side  also 
answers  to  the  cosine  of  the  same 
half  angle;  if,  therefore,  the  sine 
or  cosine  of  ihe  angle  can  be  found 
by  a  quadratic  equation,  the  poly- 
gon itself  may  be  constructed  geo- 
metrically and  not  otherwise. 

It  is  also  known,  from  the  Cote- 
sian  Theorem*  that  if  a  circle  be 
divided  ipto   n  equal  parts,  the 
3W 


doable  cosines  of  each  of  the  9m^ 
gles  thus  formed  are  the  sums  of 
the  pairs  of  imaginary  runts-  be- 
ing to  the  equation  x- — 1=  0.  That 
is,  all  the  Imaginary  roots  of  the 
equations  X*  — 1  =  0,  are  comprisp 
ed  in  the  general 

«8  — icos.   •^—  x-^l=0 

n 

k  being  any  integer  not  divisible 

1^  n,  and  V  represeouting  tlie  semi- 
circumlerencc. 

And  since  the  coefficient  of  the 
second  term  of  sn\y  equation  is 
equal  to  the  sum  of  all  its  roots 
with  their  signs  changed,  it  follows 

that  %  cos. ia    equal     to    the 

sum  of  two  of  the  imaginary  roots 
of  the  equaCiun  «"  —  1  =  0  ;  and, 
consequently,  the  possibility  of  exf 
hibiting  the  cosines  of  these  angles 
analytically,  depends  upon  the  so- 
luiion  of  the  equation  X**  — 1  =  0. 
If,  therefore,  it  were  required 
300^* 
to  find  the  cosine  of  •— — » we  should 

o 

have  71  =  3,  or  ar^ — 1=0.      Her* 
.the  real  root  bting  1,  we  have 
x^—l 


{ 


-:■ 


X—l 

the  imaginary  roots  of  which  are 
a:  =  -4-h4v/~3 

and  their  sum  =  —  1,  that  is,  twice 
the  cosine  of  120*  =  —  1,  or  the 
cosine  =  —  J. 

And,  therefore,  since  every 
equation  ar«— -  I  =  0  may  always  be 
reduced  to  half  its  original  de- 
gree if  even,  or  to  half  the  origi- 
ual  degree  minus  1  if  odd,  (see 
JRcciprocal  Equations^  it  follows, 
that  there  is  no  difticulty  in  the 
sol  ution  of  «*  —  1  =  0,  or  in  the  ge- 
ometrical construction  of  a  penta- 
gon. But  if  w  —  7,  or  when  the 
ligure  is  a  heptagon,  the  equatioo 
only  reduces  to  a  cubic  ;  and  as 
we  cannot  give  a  geometrical  con- 
struction of  a  cubic  equation,  so 
we  cannot  gire  a  geometrical  con- 
struction of  a  heptagon. 

Gauss,  however,  in  his  "  I>is<(ai. 
sitiones  Ariihroet^icae,"  publiebe4 
in  1800,  has  shown  a  method  of 
solving  any  equation  or"  —  IssA, 
when  n  is  a  prime,  by  reducing  i% 
W  other  simpler  equauous  i  Uius«  if 
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rime,  andn-^I  be  resolved  i 
factors  n  —  1  =  ««,  6/J,  -cy 


nit  aprl 
into  its 

&c,  then  the  solution  will  be  ei- 

fected  by  «  equations  of  the  de- 
gree as  $  o( the  degree  b;yo(  the 
degree  c,  &c. 

Thus,  if»=:7,  then  since  fi  —  1 
=  6  =  21.  3>,  the  solution  will  be 
obtained  by  oMequadrutic,and  one 

cubic   equation;  ifM=13,  then  n 
—  1 


find  one  cable;  bntlf  nss  if,  ttifen 
since  17 —  1  =  10=  **,  the  solution' 
will  be  obtained  by  iiieaus of  four 
quadratic  equations ^  and,  cons»> 
quently,  such  a  polygon  may  be 
inscribed  geometrically  in  a  circle;- 
and  the  same  has  place  when  n  is 
any  prime  number  of  the  form  t^ 

B\'  this  means  Gauss  has  found 
360* 
the  cosine  of  — --  =  A 
IT        ^ 


1*2  =  2%  3\,  the  solution  is  ob- 
tained by  means  of  two  quadratics 

^4     I  i(-i  +  4Vi'')  +  i\^i07-Vi7)  J 


Now  5,  17,  257,  65337,  are  prime 
numbers  of  this  form,  and  there- 
fore each  of  these  admits  of  a  geo- 
metrical construction.  We  know 
also,  from  other  prittcii)le8,  that  if 
any  two  polygons  of  an  unequal 
number  pf  sides,  prime  to  each 
other,  can  be  inscribed  geometii- 
cally  in  a  circle,  that  the  polygon, 
the  number  of  the  sides  of  which 
Is  equal  to  the  product  of  these 
two,  can  also  be  inscribed  geome- 
tiically  ;  also  all  polygons  of  which 
the  number  of  sides  is  any  power 
jof2,  may  be  inscribed  by  continual 
bisections ;  and  again,  all  those 
whose  number  of  sides  is  equal  to 
any  inscribable  polygon  into  any 
power  of  2,     ,, 

Hence  we  have  the  following 
series  of  polygon,  each  of  which 
admits  of  a  geometrical  construe 
tion. 

Polygons  of  less  than  100  sides, 
admitting  of  geometrical  construe- 
ti<»n. 


No.  of  Sides. 

3  =  3 

4  =  2« 

6  =  2«+  1 

6  =  2'3 

8  =  23 
10  =  2.5 
32  =  2\15 

15  =  3.5 

16  =  2* 

17  =  «♦  -f  1 
20  =  2«.5 
24  =  218.3 


No.  of  Sides. 
30  =  2.15 
32  =  2^ 
34  =  2.17 
40  =  2^5 
48  =  2».3 
61  =  3.17 
60  =  2<.lff 
64  =  25 
68  =  2  .17 
80  =  2V5 
85  =  5.17 
96  =  2''.3 


And  to  the  above  we  may  add 
the    three    consecutive    polygons 
ft55,  256,  257  >  each  of  which  is  in- 
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scribahle  in  a  circle  for  255=  3,  5, 
17  ;  256  =  28  and  257  =  23+  i. 

The  next  three  consecutive  poly- 
gons that  admit  of  a  geometrical 
construcii(m  are : 

65535  =  255«257 

65536  =  2>6 

65537  =  2>«^  1. 

For  more  on  this  subject,  see 
Gauss^  "  Disquisiliones  Ariihme- 
ticae,"  or  the  French  translation  of 
the  same,  entitled  *<  Recherches 
Arithmetiqne  ;"  Le  Gendre's  *•  Ks- 
sai  sur  la  Theorie  des  Nombres  ;" 
and  Barlow's*'  Elementary  Investi- 
gation of  the  Theory  or  Numbers." 

POLYGONAL  Numbers,  are 
those  that  are  formed  of  the  sums 
of  different  and  independent  arith- 
metical series,  and  arc  termed  Aiti- 
turalf  Triangular^  Quadrangular, 
Pentagonal^  Hexagottal,  Set,  Num- 
bers  i  according  to  the  series  from 
which  they  are  generated. 

Lineal^  or  Natural  Numbers,  are 
formed  from  the  successive  sums 
of  a  series  of  units ;  thus 

Units  •  •  •  •  1,  1, 1«  1, 1,  1,  &c. 

Nat.  num.    - 1,  2,  3,  4,  5,  6,  &c. 

IViartgular  Numbers,  are  the 
successive  sums  of  an  arithmetical 
serieA^  beginning  with  unity,  the 
common  difference  of  MThich  is  1 ; 
thus 

Arith.  series  1,  2,  3;  4,  5,  6,  7,  &e. 
Trian.  num.  1,  3,  6,10, 15, 21,28, &c. 

Quadranguktr,  or  Square  Num- 
bers, are  the  successive  sums  of 
an  arithmeiical  progression,  begin- 
ning with  unity,,  the  conraion  dif- 
ference of  which  is  2 :  thus 
Arith.  ser.  I,  3,  5,  7,  9, 11, 13,  &e. 
Quad,  or  sq  1, 4,  9, 16,  «5,  36,  49)  Ac. 
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Peitiagoiuii  Thmberst  are  the 
•auM  of  an  arithmetical  serie^i,  the. 
commua  difference  of  which  is  3; 
thus 

Arith.  ser.  1, 4,  7, 10, 13, 16, 19,  &c. 
Pentagon.    1, 5, 12, 22, 35, 51,  70,  &c. 

And,  universally,  the  m,gonal 
Series  of  Numbers ^  is  funned  i  roin 
the  succes-sive  sums  of  an  arithme- 
tical progression,  beginning  wiih 
unity,  the  common  difference  of 
wliicli  in  m  — 2. 

The  general'  form,  which  in- 
cludes every  order  of  Polygonal 
Numbers,  is  i 

(m  —  2)  n^  —  (m  —  4)n 

2 
where  m  is  the  denomination  of 
the  order  ;  therefore,  making  suc- 
cessively fi»=  3,  4,  5,  &c.  we  have 
the  following  results  as  to  the  forms 
of  polygonals. 

1  n'*-\-  n 

m  =  3  triaugalamum.  =  — - — 

m  =  4  square    -  = 

3n9  —  n 

•tt  =  5  pentagolans        cs= 

«  =  6  hexagonals         «=  — -— 

By  means  of  the  above  general 
form,  any  polygonal  number,  of 
which  the  root  n  is  given,  may 
be  readily  ascertained.  Tlius,  by 
making  m  =  3,  m  =  4,  m  =  5,  &c. 
and  in  each  series  n  =  1,  2,  3,  4.  5, 
&c.  we  shall  obtain  the  same  num- 
bers as  given  above,  under  each 
respective  denomination. 

Also  any  polygonal  number  and 
its  denoininati(Mi  being  given,  the 
root  of  the  polygon  is  readily  ob- 
tained.   For  let 

[m  —  2)  w*^  —  (m  —  4)  n 

'^  2 

represent  any  given  polygonal,  of 
which  the  denomination  m  is 
known  ;  then 

(j»  — 2)n«— (m— 4)  n  =  2p 

Vm— 2/  w  — 2 

whence  n  = 

m''4±y/(^p(m  —  2)-\'(m  —  4)n 

^'^  is  a  general   form  for  the 
"mvirjf  polygonal  number. 

M»M  pexe  l^i"  ^"^  ^^  ^*'* 
I  l^iop*  9  of  Piupbaiitus  ou 


Maltangular  Numbers,  haa  given 
particular  rales  for  finding  the 
roots  of  given  polygonal  nnnibers, 
without  the  extraction  of  the 
square  root ;  bnt  they  are  of  little 
or  no  use,  and,  therefore,  wesltall 
not  enumerate  them. 

We  r.iay  also  dnd  the  sum  of  any 
series  of  polygonals  by  means  of 
the  f(>reg:oing  general  formula,  for 
representing  still  the  denomina. 
tion  of  any  onier  of  polygonals  by 
m,  Hiul  tor  abridging  make  m — 2 
=  d  the  connuon  ditference  of  the 
Series  from  which  they  are  gene-> 
rated  ;  and  let  n  he  \jiie  nunibtr  of 
terms  in  the  series  whose  sum  is 
required ;  then  we  shall  have 

fn'J-l  «±1\  />»'— 1.. 


6 


4t  .  Ji,   I  V 

— 2)  H j  n  for  the  sum  of  the 

n  term«i  sought. 

Hence,  substituting  snccessively 
the  numbers  3,  4,  A,  &c.  for  m, 
there  is  obtained  the  following 
particular  cases  or  formulae  ;  viz. 

n«  +  3«  +  2 
Tnangnlars  •  • -z n 

Squares  •  •  ' 

Pentagonals  « 

Hexagonals  • 
&c. 


6 

2n«-f  Sn+l 
*  -n 

6 
3j»»+3«-4-0 

0- » 

4n«+  3«  — 1 
, n 

6 
&c. 


The  denomination  of  polygonals 
seems  to  have  been  given  to  these 
class  of  numbers  from  the  circum- 
stance, that  they  may  be  repre- 
sented by  the  particular  figures, 
the  name  of  which  they  bare  ;  and 
the  side  of  the  figure  is  the  same  as 
whai  we  call  the  root  of  the  yoly* 
gon.    Thus 


Triangles 


Squares 


&c. 


&e. 


See  some  panicula%-  rules  for  ai^ 
ranging  the  points,  in  a  note  sub^ 
joined  to  the  Engiisli  edition  of 
Enler's    *  AljjebrH." 

POLYGONOMBTRY,  is  an  ex- 
tension   oi  the  science  of  trigouo- 
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metr}^,  having  the  tame  reference 

to  polygons  in  general,  as  trif;ono> 
me  try  has  to  triangles  tn  particu- 
lar. 

1.  In  any  polygon,  any  one  side 
is  equal  to  the  sum  of  all  .the  rect- 
angles of  each  of  the  other  sides, 
drawn  into  the  cosines  of  the  an- 
gles made  by  those  sides  and  the 
proposed  side. 

2.  The  perpendicular  let  foil  from 
the  highest  point  or  summit  of  a 
p)lygon,  upon  the  opposite  side  or 
base,  is  equal  to  the  sum  of  the 
products  of  each  of  the  sides  on 
either  side  comprised  between  that 
summit  and  the  base,  drawn  int6 
the  sines  of  their  respective  incli- 
nations to  the  base. 

3.  The  square  of  any  side  of  a 
polygon  is  equal  to  the  sum  of  the 
squares  of  all  the  other  sides, 
minus  twice  the  sum  of  the  pro- 
duets  of  all  the  other  sides,  multi- 
pled  two  and  two  by  the  co-sines 
of  the  angles  included  beween 
them. 

4.  Twice  the  area  of  any  polygon 
is  equal  to  the  sum  of  the  rectan- 
gles of  its  sides,  except  one,  taken 
two  and  two,  by  the  sines  of  the 
sum  of  the  exterior  angles  contain- 
ed by  those  sides ;  that  is,  the 
angles  formed  by  producing  those 

POLYHEDRON,  a  body  or  so- 
lid contained  by  many  rectilinear 
planes  or  sides.  When  the  sides 
of  the  polyhedron  are  regular  po- 
lygons, all  similar  and  equal,  then 
the  polyhedron  becomes  a  regular 
body,  and  may  be  inscribed  in  a 
sphere ;  that  is,  a  sphere  may  be 
described  about  it,  so  that  its  sur- 
face shall  touch  all  the  angles  or 
corners  of  the  solid.  There  are 
but  five  of  th<!se  regular  bodies, 
vis.  the  tetrahedron^  the  hexahedron 
or  cube,  the  octahedroHt  the  dodC' 
cahedron,  and  the  icosahedron. 

FoLYHEURON,  GnotttOHical,  is  a 
stone  with  several  faces,  on  which 
are  projected  various  kinds  of  dials. 

POLYSCOPE  or  Polyuburon, 
in  Optics,  A  mulliplyiiig-glass,  or 
one  which  represents  a  single  ob- 
ject to  the  eye,  as  if  there  were 
many.  It  consists  of  several  plane 
Furt'aces,  disposed  under  a  convex 
form,  through  each  of  which  the 
object  is  sceu. 
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P0RB9,  are  the  small  Interstices 
between  the  lolid  particles  of  bo- 
dies. 

PORISM,  in  Geometry,  is  a  pecu- 
liar sort  of  proposition,  which  has 
been  differently  defined  by  dit- 
fereut  writers;  some  considering 
it  as  a  general  theorem  or  canon, 
deduced  from  a  geometrical  locus, 
and  serving  for  the  solution  of 
other  general  and  difficult  pro- 
blems ;  while  others  make  it  a  lem- 
ma, or  proposition  almost  self-evi- 
dent. 

Dr.  Simson  defines  it  a  proposi- 
tion, either  in  the  form  of  a  problem 
or  a  theorem,  in  which  it  is  pro- 
posed either  to  investigate  or  de- 
monstrate. 

Euclid  wrote  three  books  of  po. 
risms,  being  a  curious  collection  of 
various  things  relating  to  the  ana- 
lysis of  the  more  difficult  and 
general  problems*  Those  books 
however  are  lost ;  and  nothing  re- 
mains in  the  works  of  the  ancient 
geometricians  coneeming  this  sub- 
ject, besides  what  Pap)>u8  has  pre- 
served, in  a  very  imperfect  and 
obscure  state,  in  his  "  Mathema" 
tical  Collections,"  viz,  in  the  intro- 
duction to  the  seventh  book. 

Several  attempts  have  been  made 
to  restore  these  writings.    Fermat 
has  given  a  few  propositions,  which 
are  to  be  found  in  the  collection 
of  his  works,  in  folio,  1679,  p.  lltt. 
The  like  was  done  by  Bullialdus, 
in  his  "  Exercitationes  Geometri- 
es," 4to.  1037.   Dr.  Robert  Simson 
gave  also  a  specimen.  In  two  pro- 
positions, in  the  Phil.  Trans,  vol. 
xxxii.  p.  330 ;  and  besides  left  be- 
hind him  a  considerable  treatise 
on  the  subject  of  porisms,  which 
has  been  printed  in  an  edition  of 
his  works,  at  the  expense  of  the 
late  Earl  of  Stanhope,  in  4to.  1776. 
The  whole  three  books  of  Euclid 
were  also  restored  by  Albert  Gi- 
rard,  as  appears  by   two  notices 
that  he  gave,  first  in  his  "  TrigOr 
nomeiry,"   printed  in  French,  at 
the  Hague,  in  1629,  and  also  in  his 
edition  of  the  works  of  Stevinus, 
printed  at  Lcyden  in  1634,  p.  450; 
but  whether  his  intention  of  pub- 
lishing them  was  ever  carried  into 
execution  we  have  not  been  able 
to  learn. 
A  learned  paper  on  the  subject 
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of  imrisms,  by  the  late  very  ipge* 
niotis  Professor  Playfair,  has  also 
been  inserted  in  the  third  volnme 
<»f  the  Transactions  of  the  Royal 
Society  of  Edinburgh. 

•*  The  rrstoralion  of  the  ancient 
books  of  geometry  (says  this  learn* 
ed  professor)  would  have  been  im. 
possible  without  the  coincidence 
of  two  circumstances,  of  wliich, 
though  the  one  is  purely  accidentni, 
the  other  is  esseniiatly  connecied 
"with  the  nature  of  the  mathema* 
tical  sciences.  The  first  of  these 
circumstances  is  the  preservation 
of  a  short  abstract  of  those  books 
drawn  up  by  Pappus  Alexandrinus, 
together  with  a  series  of  such  lem 
mata  as  he  judged  useful  to  facili* 
tate  the  study  of  them.  The  second 
is  the  necessary  connection  that 
takes  place  among  the  objects  of 
every  mathematical  work,  which, 
by  excluding  whatever  is  arbi> 
trarj',  makes  it  possible  to  deter- 
mine the  whole  course  of  an  inves- 
tigation when  only  a  few  points  in 
it  are  known.  From  the  union  of 
these  circumstances,  mathematics 
has  ei^joyed  an  advantage  of  which 
no  other  branch  o(  knowledge  can 
partake;  and  while  the  critic  or 
the  historian  has  only  been  able 
to  lament  the  fate  of  those  books 
of  Livy  and  Tacitus  which  are  lost, 
the  geometer  has  had  the  high  sa* 
tisfaction  to  behold  the  works  of 
Euclid  and  Apollur.ius  reviving 
under  his  hands. 

"  The  fust  restorers  of  the  ancient 
books  were  not,  however,  aware 
of  the  full  extent  of  the  work 
which  they  had  undertaken.  They 
thought  it  sufficient  to  demonstrate 
the  propositions  which  they  knew 
from  Pappus  to  have  been  con- 
tained in  those  books ;  but  ihej* 
did  not  follow  the  ancient  method 
of  investigation,  and  few  of  them 
appear  to  have  had  any  idea  ot 
I  tie  elegant  and  simple  analysis  by 
vrhich  these  propositions  were  ori- 
ginally discovered,  and  by  which 
ttie  Greek  geometry  was  peculiarly 
distinguished. 

**'Aniong  these  few,  Permat  and 
Halley  are  to  be  particularly  re- 
marked. The  former,  one  ot  the 
greatest  niatheniaiiciansof  the  last 
age,  and  a  man  in  all  respects  of 
superior  abilities,  had  very  just 
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noUons  of  the  geometrical  analysis, 
and  appears  often  abundantly  ski  U 
fnl  in  the  ase  of  it;  3'et,  in  his 
restoration  of  the  Loci  Plani,  it  is 
remarkable,  that  in  the  most  ditti- 
cult  propositions  he  lays  aside  the 
analytical  method,  and  contents 
himself  with  giving  the  aynthetical 
demonstration.  The  latter,  among 
the  great  number  and  variety  of 
his  literary*  occupations,  foand 
time  for  a  most  attentive  study  of 
the  ancient  mathematicians,  and 
was  an  instance  of  what  experience 
shows  to  be  much  rarer  than  might 
be  expected,  a  man  equally  well 
acquainted  with  the  anpient  and 
the  modern  geometry,  and  equally 
disfiosed  to  do  justice  to  the  merit 
of  both.  He  restored  the  books  of 
Apollonius,  on  the  problem  '*  De 
Sectione  Spatii,"  according  to  the 
true  principles  of  the  ancient  ana- 
lysis. 

"  These  books,  however,  are  but 
short,  so  that  the  first  restoration 
of  considerable  extent  that  can  be 
reckoned  complete,  is  that  of  the 
Loci  Plani  by  Dr.  Simson,  publish- 
ed in  1749,  which,  if  it  differs  at 
all  from  the  work  it  is  intended  to 
replace,  seems  to  do  st>  only  by  its 
greater  excellence.  Thus  much  at 
least  is  certain,  that  the  method  of 
the  ancient  geometers  does  not 
appear  to  greater  advantage  in  the 
most  entire  of  their  writings  than 
in  the  restoration  above  mentioned; 
and  that  Dr.  Simson  has  often  sa- 
crificed the  elegance  to  which  his 
own  analysis  would  have  led,  in 
order  to  tread  more  exactly  in 
what  the  lemmata  of  Pappus  point- 
ed out  to  him  8S  the  track  which 
Appollonius  had  pursued. 

"  There  was  another  subject,  that 
of  porisms,  the  most  intricate  and 
enigmatical  of  any  thing  in  the 
ancient  geometry,  which  was  still 
reserved  to  exercise  the  genius  of 
Dr.  Sinison,  and  to  call  forth  that 
enthusiastic  admiration  of  anti- 
quity, and  that  unwearied  perse- 
verance in  research,  for  which  he 
was  so  peculifirly  distinguished. 
A  treatise  in  three  books,  which 
Euclid  had  composed  on  ))orisins, 
was  lost,  and  all  that  remained 
concerning  them  was  an  abstract 
of  that  treatise,  inserted  by  Pap- 
pus  Alexandrinus  in  his  *<  Haihe- 


poa — POB 


matical  Collections;"  m  which, 
had  it  been  eiiiirr,  the  geometers 
of  later  limes  would  doubtless 
have  found  wherewithal  to  con- 
sole themselves  for  the  loss  of  the 
oiiginal  work.  But  unfortunately, 
it  has  suffered  so  much  from  the 
injuries  of  time,  that  all  that  we 
can  immediately  learn  from  it  is, 
that  the  ancients  put  a  high  value 
on  the  propositions  which  they 
called  porisms,  and  regarded  them 
as  a  very  important  part  of  their 
analysis.  The  porisms  of  Euclid 
are  said  to  be  '  Co  I  lectio  artificio- 
sissima  niultaruui  rerum  quse  spec- 
tant  ad  analysin  difficiliorum  et 
generalium  probleniatuni.'  The 
curiosity,  however,  whijcli  is  ex- 
cited by  this  encomium  is  quickly 
disappointed ;  for  when  Pappus 
proceeds  to  explain  what  a  porism 
is,  he  lays  down  two  deHnitions  of 
it,  one  (  f  which  is  rejected  by  him 
as  imperfect ;  while  the  other, 
which  is  stated  as  correct,  is  too 
vH{iue  and  indefiitite  to  convey  any 
useful  information. 

**  Tiiese  defects  might  neverthe- 
less have  been  supplied,  it'  the  enu- 
meration which  he  next  gives  of 
Kiiclid's  propositions  had  been  en- 
tire ;  but  on  account  of  the  extreme 
brevity  of  his  enunciations,  and 
their  reference  to  a  diagram  whiclr 
is  lost,  and  for  the  constructing  of 
wliich  no  directions  are  given,  they 
are  all,  except  one,  perfectly  un- 
iitteliigible.  For  these  reasons, 
the  fragment  in  question  is  so  ob- 
scure,  titat  even  to  the  learning 
and  penetration  of  Dr.  Halley,  it 
seemed  impossible  that  it  could 
ever  be  explained  ;  and  he  there- 
fore concluded,  alter  giving  the 
Greek  text  with  all  possible  cor- 
rectness, and  adding  the  Latin 
translation,  '  Hactenus  porismatum 
descriptio  nee  mihi  intellecta,  nee 
.lectori  prnfiitura.  Neqnealiter  fieri 
poiuii,  tarn  ob  defectum  schema- 
tis  ciijiis  sit  mentio,  quam  ob  omis- 
sa  qua;dam  ct  transf)Osita,  vel 
a  liter  vitiata  in  propositionis  gene- 
ralis  exposiiione,  unde  quid  sibi 
velit  Pappus  baud  niihi  datum 
est  conjicere.  His  adde  dictionis 
.iiodnni  nimis  contracium,  ac  in 
e  diflicili,  qnalis  h£c  est  mininie 
usnrpandum.' 
"  It  is  true,  however,  that  before 
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thi^  time  Fermat  had  attempted  to 
explain  the  nature  of  porisms,  and 
nut  altogether  without  success. 
Guiding  his  comectures  by  the  de- 
finition which  Pappus  censures  as 
imperfect,  because  it  defined  po- 
risms only  '  ab  accidente,'  viz* 
*  porisma  est  quod  deficit  hypo* 
thesi  a  Theoremate  Locali,'  he 
formed  to  himself  a  tolerably  just 
notion  of  these  propositions,  and 
illustrated  his  general  description 
by  examples  that  are  in  effect  po* 
risms.  But  he  was  able  to  proceed 
no  farther ;  and  he  neither  proved 
that  his  notion  of  a  pori&m  was  the 
same  with  Euclid's,  nor  attempted 
to  restore  or  explain  any  one  of 
Euclid's  propositions ;  much  less 
did  he  suppose  that  they  were  to 
be  investigated  by  an  analysis  pe« 
culiar  to  themselves.  And  so  im- 
perfect, indeed,  was  this  attempt, 
that  the  complete  restoration  ot 
the  porisms  was  necessary  to  prove, 
that  Feripat  had  even  approxi>- 
mated  to  the  truth. 

'*  All  this  did  not,  however,  de 
ter  Dr.  Simson  from  turning  his 
thoughts  tothe  same  subject,  which 
he  appears  to  have  done  very 
early,  and  long  before  the  publN 
cation  of  the  Loci  Plani  in  1749. 

**  The  subject  of  porisms  is  not, 
however,  exhausted,  nor  is  it  yet 
placed  in  so  clear  a  light  as  to 
need  no  farther,  illustration.  It 
yet  remains  to  inquire  into  the  pro- 
bable origin  of  these  propositions ; 
that  is  to  say,  into  the  steps  by 
which  the  ancient  geometers  ap- 
pear to  have  been  led  to  the  dis- 
covery of  them. 

**  It  remains  also  to  point  out 
the  relations  in  which  they  stand 
to  the  other  classes  of  geometrical 
truths ;  to  coiifider  the  species  of 
analysis,  whetfier  geometrical  or 
algebraical,  that  belongs  to  them ; 
and,  if  possible,  to  assign  the  reason 
why  they  have  so  long  escapod 
the  notice  of  modern  mathemati- 
cians. It  is  to  these  pointy  that  the 
following  observations  are  chiefiy 
directed. 

"  I  begin  with  describing  the 
steps  that  appear  to  have  led  the 
ancient  geometers  to  the  discovery 
of  porisms ;  and  must  here  supply 
the  want  of  express  testimony  by 
probable  reasouiogs,  such  as  are 
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neeeiaaiy,  whenever   we   won  Id 
trace  remote  discoveries  to  their 
sources,   and  ^hich   have    more 
wciglit  in  mathematics  than  in  any, 
other  of  the  sciences. 

*'  It  cannot  be  doubted  that  it 
lias  been  the  solution  of  problems, 
which,  in  all  stales  of  the  mathe- 
matical sciences,  has  led  to  the  dis- 
covery  of  most  geometrical  trutlis. 
The  Arst  mathematical  inquiries, 
in  particular,  must  have  occurred 
in  the  form  of  questions,  where 
something  was  given,  and  some- 
thing required  to  be  done ;  and  by 
the  reasonings  necessary  to  answer 
these  questions,  or  to  discover  the 
relation  between  the  things  that 
were  given  and  those  that  were  to 
be  found,  many  truths  were  sug- 
gested which  came  afterwards  to 
be  subjects  of  separate  demonstra- 
tion. The  number  of  these  was 
the  greater,  that  the  ancient  geo- 
meters always  undertook  the  solu- 
tion of  problems  with  a  scrupulous 
and  minute  attention,  which  would 
scarcely  sufTec  any  of  the  colla^ 
teral  truths  to  escape  their  obser- 
vation. We  know,  from  the  ex- 
amples which  they  have  left  us, 
that  they  never  considered  a  pro- 
blem as  resolved  till  they  had  dis- 
tinguished all  its  varieties,  and 
evolved  separately  every  different 
case  that  could  occur,  carefully 
remarking  whatever  change  might 
arise  in  the  construction,  from  any 
change  that  was  supposed  to  take 
place  among  the  magnitudes  which 
were  given. 

*'  Now,  as  this  cautions  method 
of  proceeding  was  not  better  cal- 
culated to  avoid  error,  than  to  \siy 
hold  of  every  truth  that  was  con- 
nected with  the  main  object  of 
inquiry,  these  geometers  soon  ob- 
served that  there  were  many  pro- 
blems which,  in  certain  circum- 
stances, would  admit  of  no  solution 
whatever,  and  that  the  general 
construction  by  which  they  were 
resolved  would  fail,  in  conse- 
quence of  a  particular  relation  be- 
ing supposed  among  the  quantities 
which  were  given. 

*'  Such  problems  were  then  said 
to  become  impossible,  and  it  was 
readily  perceived  that  this  always 
happ**"**'*  when  one  of  the  condi- 
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with  tlie  rest,  so  that  the  Mi|tpo 
tition  of  their  being  united  in  the 
same  subject,  involved  a  contra- 
diction. Thus,  when  it  was  lequir 
ed  to  divide  a  given  line,  so  that 
the  rectangle  under  it*  segment 
sliould  be  equal  to  a  given  space, 
it  was  evident  that  if  this  space 
was  greater  than  the  square  of  half 
the  given  line,  the  thing  required 
could  not  possibly  be  done  ;  the 
two  conditions,  the  one  defining 
the  magnitude  of  the  line,  and  th« 
other  that  of  the  rectangle  nnder 
its  segments,  being  then  incunsis 
tent  with  one  another.  Hence  an 
infinity  of  beautiful  propositions 
concerning  the  maxima  and  the 
minima  of  quantities,  or  the  limits 
of  the  possible  relations  which 
quantities  may  stand  in  to  one 
another. 

"  Such  cases  as  these  wonid  oc- 
cur even  in  the  solution  ut*  the 
simplest  problems ;  but  when  geo- 
meters proceeded  to  the  analysis 
of  such  as  were  more  complicated, 
they  must  have  remarked  Uiat 
their  constructions  would  some- 
times fail,  for  a  reason  directly 
contrary  to  that  which  has  now 
been  assigned.  Instances  would 
be  found  where  the  lines  that,  by 
their  intersection,  were  to  deter- 
mine the  thing  bought,  instead  of 
intersecting  one  another,  as  they 
did  in  general,  or  of  not  meeting 
at  all,  as  in  the  nbove-ntentioned 
case  of  impossibility,  would  coin- 
cide with  one  another  entirely, 
and  leave  the  question  of  conse- 
quence unresolved.  But  though 
this  circumstance  must  have  creat 
ed  considerable  embarrassment  to 
the  geometers  who  first  observed 
it,  as  being  perhaps  the  only  in 
stance  in  which  the  language  of 
their  own  science  had  yet  appear 
ed  to  them  ambiguous  or  obscure, 
it  would  net  probably  be  long  till 
they  found  out  the  true  interpreta- 
tion to  be  put  on  it.  After  a  little 
reHecticm  they  would  conclude 
that  since,  in  the  general  problem, 
the  magnitude  required  was  deter- 
mined by  the  intersection  of  the 
two  lines  above-mentioned,  that  is 
to  say,  by  the  points  common  to 
them  both  ;  so,  in  the  case  of  their 
coincidence,  as  all  their  points 
were  in  commoUji   every   one  of 
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these  pokita  mast  afford  atolation, 
which  soiu lions  therefore  must  be 
infinite  in  number;  and  also,  though 
infinite  in  nnmberi  they  must  all 
be  related  to  one  another,  and  to 
the  things  given  by  certain  laws, 
which  the  position  of  the  two  coin- 
ciding lines  irtust  necessarily  de> 
termine. 

**  On  inquiring  farther  into  the 
peculiarity  in  the  state  of  the  data 
-which  had  produced  this  unex* 
pected  result,  it  might  likewise  be 
remarked,  that  the  whole  proceed- 
ed from  one  of  the  conditions  ot 
the  problem  involving  another,  or 
necessarily  including  it;  so  that 
they  both  together  made,  in  fact, 
hut  one,  and  did  not  leave  a  suffi- 
cient number  of  independent  con- 
ditions to  confine  the  problem  to 
a  single  solution,  or  to  any  deter- 
minate number  of  solutions.  It 
was  not  difficult  afterwards  to  per- 
ceive that  these  cases  of  problems 
formed  very  curious  propositions, 
of  an  intermediate  nature  between 
problems  and  theorems,  and  that 
they  admitted  of  being  enunciated 
separately  in  a  manner  peculiarly 
elegant  and  concise.  It  was  to 
sucn  propositions,  so  enunciated, 
that  the  ancient  geometers  gave 
the  name  of  porisms. 

PORISTIG  Method,  in  Mathema- 
tics, is  that  which  determines 
when,  by  what  means,  and  how 
many  different  ways  a  problem 
may  be  resolved. 

POSITION, in  Astronomy,  relates 
to  the  sphere.  The  position  of  the 
sphere  is. either  right,  parallel,  or 
oblique ;  whence  arise  the  inequa- 
lity of  days,  the  difference  of  sea- 
sons, &c. 

Circles  of  Position,  are  circles 
passing  through  the  <^romon  inter- 
sections of  tiie  horizon  and  meri- 
dian, and  through  any  degree  of 
the  ecliptic,  or  the  centre  of  any 
star,  or  other  point  in  the  heavens, 
used  for  finding  out  the  position  or 
situation  of  any  star.  These  are 
usually  counted  six  in  number, 
cutting  the  equator  into  twelve 
equal  parts,  which  the  astrologers 
call  the  celestial  houses. 

Position,  in  Arithmetic,  called 
also  false  position,  or  supposi- 
tion, or  rule  of  false,  is  a  rule  so 
called,  because  it  consists  in  caU 
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cnlating  by  false  nnmbers  tup 
posed  or  taken  at  random,  accord- 
ing^ to  the  process  described  in  any 
question  or  problem  proposed,  as 
if  they  were  tlie  true  members;  and 
then,  from  the  results  compared 
with  that  given  in  the  question,  liie 
true  numbers  are  found.  It  is 
sometimes  also  called  trial  and  er- 
ror, because  it  proceeds  by  trials 
of  false  nnmbers,  and  thence  finds 
out  the  true  ones  by  a  comparison 
of  the  errors. 
Position  is  either  single  or  double* 

Single  Position,  is  that  which 
has  place  when  the  results  are  pro- 
portional to  their  suppositions,  and 
therefore  only  one  supposition  is 
necessary. 

Rule*  Assume  any  number  for 
that  required,  and  perform  the 
operations  described  in  tlie  ques- 
tion with  it.  Then  say,  as  the  re- 
sult obtained  is  to  the.  number  as- 
sumed, so  is  the  reHult  in  the  ques- 
tion to  the  answer. 

Exam.  '  A  persoh  after  spending 
I  and  \  of  his  money,  has  yet  re- 
maining 60^. ;  what  had  he  at  first  T 

Suppose  he  had  at  first  130/, 

Now  I  of  120  is      40 
t  of  it  is         30 

tlieir  sun  is    70 
which  taken  from  120 

leaves    50 
Then  fiO  :  120  =  60  :  144,  the  an- 
swer. 

Proof, 
of  144  is     48 
of  144  is      36 


\ 


their  sum      84 
taken  from  144 

leaves    60 
as  p^r  question. 

Double  Position,  is  a  method 
of  answering  questions  similar  to 
those  in  single  position,  but  which 
have  not  their  results  proportional 
to  their  positions.  The  rule  for  this 
purpose  piven  by  Mr.  Bonnycastle 
in  his  Arithmetic,  8vo.  edition,  is 
as  follows  : 

Take  any  two  convenient  num- 
bers, and  proceed  with  them  sepa- 
rately, according  to  the  conditions 
of  the  question,  noting  the-resulU. 
tfbtatued  from  it, 
%  I 
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Then,  as  the  difference  of  these 
results  is  to  the  difference  of  the 
supposed  numbers,  so  is  the  differ- 
ence between  the  true  result  and 
either  of  the  former,  to  the  correc> 
titAi  ofthe  number  belonging  lullie 
result  used  ;  which  correction,  be« 
ing  added  to  that  number,  when  it  is 
too  little,  or  subtracted  from  it 
when  il  is  too  great,  will  give  the 
answer  required. 

Exam.  What  number  is  that 
which,  being  multiplied  by  6,  the 
product  increased  by  18,  and  the 
sum  dtviiied  by  9,  the  quotient 
shall  be  20. 

Let  the  two  supposed  numbers  be 
18  and  30. 


Then  18 

30 

« 

6 

108 

18A 

18 

18 

9)126 

9)198 

,.}thelst 
'*;  result 

oo^the  2d 
)    result 

Thien  33  — 14:30. 

- 18  =  20  ~  14 

Or                8  :  12 

«=    d    :•  9 

the  correction  to  1st  supposition  ; 
therefore  9  4*  18=37,  the  number 
sought. 

An  expert  arithmetician  will  ge> 
nerally  be  able  to  solve  questions 
of  tins  nature  without  any  suppo- 
siiion.  Thus,  in  the  fit  si  of  the  pre- 
ceding  examples,  there  was  spent 
i  and  ^,    the   sum  of  which  is  JL 

hence  there  was  JL   remaining,  = 

60/.,  which,  multiplied  by  12  and 
divided  by  5,  produces  144/.  the 
answer. 

In  questions  like  the  second,  one 
has  only  to  retrace  the  steps  of  the 
operation  :  Thus, 

20  X  9  =  180  —  18, 163  -*-  6  =  2T, 
the  uniswer. 

Given  in  Position,  in  Geometry, 
is  an  expression  made  use  of  to  de- 
note that  tlK'  ])osilton  or  directiuii 
of  a  line  is  given  or  known. 

Geometry  of  Position,  is  a  spe- 
cies of  geometry  lir&t  treated  of  by 
Carnot,  the  object  of  which  is  to 
investigate  and  determine  the  re- 
lation that  has  place  between  the 
position  of  the  di{[erenl  i^«Ltls  of  a 
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geometrical  figure  with  r«gArd  ta 
each  other,  or  witli  regard  to 
some  determinate  line  or  figars 
first  fixed  upon  as  a  term  of  eom> 
parison,  and  which  is  called  the 
primitive  system,  while  that  ecnn- 
pared  with  it  is  denominated  the 
trans/urmed  system  ;  and  as  long  as 
the  different  parts  of  the  trans* 
formed  system  have  the  same  di<« 
rections  or  positions  with  regard  to 
each  other,  their  relation  is  said 
to  be  direct ;  but  when  they  are  dif- 
ferent, inverse. 

These  positions,  in  the  analytical 
representations  of  geometrical  fi- 
gures, are  commonly  Indicated  hy 
the  signs  prefixed  to  the  letters  or 
symbols  representing  these  lines 
or  quantities ;  and  the  geometry  of 
position,  at  the  same  time  that  it 
gives  very  great  facility  to  the  in- 
vestigatioii  of  many  very  interest- 
ing  researches,  sets  in  a  clear  and. 
indisputable  light  all  those  appa* 
rent  mysteries  and  anomalies  con- 
nected with  the  introduction  ofthe 
negative  sign  into  analytical  Inves- 
tigations. 

POSITIVE  Electricity.  In  the 
Franklinian  system, all  bodiessup 
()osed  to  conlain  more  Ihan  their 
natural  quantity  of  electric  matter 
are  said  to  be  |>ositively  electrified; 
and  those  from  whom  some  part 
of  their  electricity  is  supposed 
to  be  taken  away,  are  said  to 
be  electrified  negatively.  These 
two  electricities  being  first  pro- 
duced, one  from  glass,  the  other 
from  amber  or  rosin,  the  former 
was  called  vitreous,  the  other  re- 
sinous, electricity. 

Positive  Quantities, \x\  Algebra, 
are  those  which  are  affected  with 
the  sign  +,  being  affirmative  or  ad- 
dative,  in  contradistinction  to  ne- 
gative quantities,  which  are  to  be 
subtracted. 

POSTULATE,  in  Geometry,  ade- 
mand  or  petition,  or  a  supposition 
so  easy  and  self-evidently  true,  as 
needs  no  explanation  or  illustra-  i 
lion  ;  differing  from  an  axiom  only 
in  the  niauner  in  which  it  is  put, 
viz.  its  a  request  instead  of  an  a*> 
sertion. 

POUND,  an  English  weight  of 
different  denominations,  as  Avoir- 
Hu  poise,  Troy,  Apothecaries,  &c. 
The  pound  avoirdupoise  is  sixleea 
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ounces  of  the  same  weight,  bat  the 
other  pounds  are  each  equal  to 
twelve  ounces.  The  pound  avoir- 
dupose  is  to  the  pound  troy  as 
0700  to  69094,  or  nearly  as-  576  to 
700. 

Pound  is  also  the  highest  deno- 
xninaiion  used  by  Ihe  EnglUh  in 
their  money  accounts,  being  equal 
to  20  shillings. 

POWER,  in  ArUhmetic  m  Alge- 
brat  that  which  ari.ses  by  the  suc- 
cessive multiplication  of  any  num- 
ber or  quantity  into  itself,  the  de- 
gree of  the  power  being  always 
denominated  by  the  number  of 
equal  factors  that  are  employed, 
and  is  thus  always  one  more  than 
the  number  of  multiplicatiuns; 
thus 

3  =  .  •  .  21,  •  •  •  •  Istpowerof  2. 
2X2:^  2^,  ••••2d    power    or 

square. 
2X2X2=    •  •  2S,  3d   power    or 

cube. 
2  X  2  X  2  X  2  •  21^,  4th  power, 

&c.  &c. 

So  also 

X  =■   •  • xi,  1st  power. 

*X«= «*,  2d  power. 

«XarXar=    •••arS^Sd  power, 
ar  X  «.  X  ar  X  ar  •  •  or*,  4tli  power 
&c.  Ac. 

Hence  it  appears  that  the  id  ex 
-which  denotes  the  degree  of  any 
power  is  always  equal  to  the  num- 
ber of  equal  factors  from  which 
that  power  atises;  or  one  more 
than  the  number  of  o|)«rations. — 
See  ExpoNBMT  and.lMVOLUTfnN. 

The  early  writers  on  arithmetic 
and  algebra,  gave  names  to  the 
several  powers,  which  we  now  de- 
note by  their  indices. 

Thas  the  2d  was  called  the  square^ 
and  the  3d  the  cu6e,  as  we  do  at 
present;  but  they  carried  this 
much  farther,CHllinf;  the  4th  power 
the  quadrato^uadratum  ;  thtr  5th, 
quadrato-cubus  :  6th,  cttbthcubus  ; 
7th,  quadrato-quadrato  cubu's,  &c. 
but  these  denominations  are  now 
rejected  for  the  more  simple  and 
obvious  denominations  by  means 
of  the  exponent. 

The  powers  of  nnmbors  have  se 
veral  curious  properties,  as  to  their 
forms,  divisors,  &c.  of  which   the 
following   are   the  most  remark- 
Able  : 
,  875 


1.  The  diflerepce  of  any  two 
equal  powers  oCdiflferent  numbers, 
is  divisible  by  the  difTereuce  of 
their  roots,  that  is 

xn  —  yn  is  divisible  by  ar  —  y 
Tliis  is  true,  whether  n  be  even 
or  odd. 

2.  X"  — ^y«  is  divisible,  both  by 
X  —  y  and  ar 4*yf  if  «  be  even. 

3.  x^  +  y*  is  divisible  by  a:  +  y 
if  n  be  odd.        ^ 

Thus  also 

4.  a™  —  jr"  is  divisible  by  x  — 1, 
and  by  ar  +  1  if  m  —  n  be  even. 

5.  a" — »•»  is  divisible  by  ar  —  1 
if  m  —  n  be  odd. 

6.  ar"  +  x^  is  divisible  by  ar  +  1 
if  m— n  be  odd. 

7.  Neither  the  sum  nor  difference 
of  any  two  equal  integral  powers 
above  the  second,  can  be  equal  to 
a  complete  power  of  the  same  ^e- 
nomination. 

a.  If  fit  be  a  prime  number,  and 
ar  any  number  not  divisible  by  m, 
then  will  the  remainder  arismi;' 
from  the  division  of  x  by  m,  be  the 
same  as  that  from  the  division  of 
a:"*  by  mj  and  consequently  a**"  —  * 
—  I,  is  always  divisible  by  »». 

0.  Hence  is  obtained  the'  forms 
of  several  powers,  that  is,  the  re- 
mainders that  they  will  leave 
when  divided  by  given  numbers  ; 
thus  nflf  «8,  ar*,  &c.  denoting  the 
powers  of  any  numbers  whatever 
we  have. 

Forms. 


x«. 

• 

Sn,  or 

3»  -f 

ars. 

• 

•  .       • 

.  •  .  • 

a?  ♦  • 

• 

•  5»,  or 

5»  +  l 

ar*. 

• 

•  •        • 

■  .  •  • 

«6. 

• 

•  Tn,  or 

7«  +  l 

Forms. 

5 

n. 

or    Sn  z 

fcl* 

7 

«, 

or    7n : 

:1. 

• 

• 

•     •      « 

•  ■ 

11 

n. 

or  11  n  :^ 

tl. 

13  ». 

or  13  nil. 

Forms. 

ars. 

• 

•      •  ■ 

•  *  • 

X  9  . 

• 

•      •  • 

•  •  • 

ario. 

11 

n,  or  11 

n+l 

aril. 

• 

.       .  . 

.  .  • 

a:i2. 

13 

It,  or  13 
Forms. 

n  +  l 

17 

n,  or  17 

n±U 

19 

• 

n,  or  19  ft  ±  1. 

• 
»     •            •      •      •      •      • 

23f>,  or  23»  ±^  1. 


MATHEMATICAL    AWD   PHYSICAL  8CIEHCS. 


Thus  let  1  4 


ois{ 


And  generally  if ««  beany  power, 
then  irfii+  1  oe  a  prime  number 

*»»  is  of  the  form  (m  -\-  1)  n,  or 
(m  +  1)  M  +  1  and  if  2m  +  1  be  a 
j>rinic,  llien 

X'"  is  of  the  form  (3m  +  1)  f>  or  (2 
m  +  1)  II  ±  I. 

That  is,  when  divided  by  3m  +  l, 
the  remainder  will  either  be  0  or 

10.  The  nth  difTerences  of  any 
number  of  cuiiM'ciitive  nth  |X)w«frs 
is  consiant,  and  equal  to  1 .2.3.4. 
&c.  H, 

be  any  conse 
cuiive  square 
Ist  diflf.  3    5      7 
2d  diOr.      2    2    &c.=  1.2. 

1st  diff.    7  10  37  01 

2d  diflf.      12  18  24 

3d  ditr.         6     6  &c.  =1.2.3. 

And  in  the  same  manner  lhe4tli 
difference  of  4tli  powers 

=  1.2.3.4  =  24 
of  3lh  powers  =  1.8.  3. 4. 5  =  120 
and  so  on  for  any  higher  powers. 
See  the  demonstration  of  these  and 
several  other  curious  properties  of 
powers  in  chap.  vi.  Barlow's  Tlieo* 
r3'  of  Numbers. 

PowBR  of  the  Hyperbola,  is  the 
4th  power  of  its  conjugate  axis. 

Pow£R,  in  Mechanics,  denotes 
some  force  which,  being  applied 
to  a  machine,  tends  to  produce 
motion;  whether  it  does  actually 
produce  it  or  noU  In  the  former 
case,  it  is  called  a  moving  power; 
in  the  latter,  a  sustaining  power. 

Power  id  also  used  in  Mecha- 
nics, for  any  of  the  six  simple  nia> 
chines,  fjs.  the  lever,  the  balance, 
the  screw,  the  wheel  and  axle,  the 
wedge,  and  the  pulley. 

Po  wxR  of  a  Glass,  in  Optics,  is  bj* 
some  used  for  the  distance  between 
the  convexity  and  the  solar  focus. 

PRACTICE,  is  an  arittimetical 
rule,  principally  employed  in  those 
(juestions  in  which  the  amount  of  a 
certain  number  of  things  is  rc« 
quired,  the  price  of  each  being 
given;  being  a  more  ready  and  ex- 
))ediU(>u.s  method  than  Compournf 
Multiplication,  by  which  rule  the 
ftunie  questions  may  also  be  re< 
solvfd. 

PRECESSION  of  the  Equinoxes, 


motion  of  the  equhioetial  poUitoa 
vt»,  from  east  to  west,  or  contntry 
to  the  order  of  the  figna.    Tlie  m^n 
every  year  crosses  the  equator  la 
two  points,  which  are  called  the 
cquinociiul  points;  and  as  it  is  nib- 
lural  to  compute  the  coarse  of  the 
year   from  tire  moment  when  the 
sun  is  in  one  of  those  points  which 
gives  equal  days  and  nights  to  all 
parts  of  the  globe,  it  became  very 
early    an    important    problem    in 
l>racticHl  astronomy  to  determine 
them  with  some  degree  of  accura- 
cy ;  which  was  by  no  means  diffi* 
cult,  as  it  did  not  require  that  ac- 
curate kind  of  observation  that  is. 
so   indispensable    in    many  other 
cases.     It   is  only  necessary    for 
this  purpose,  to  observe  the   sod's 
declination  on  the  noon  of  two  or 
three  days  before  and   after  the 
time  of  the   equinoxes.    On   two 
consecutive  days  of  this  naniber. 
his  declination  must  have  changed 
from  north  to  south,  or  from  sonth 
to  north.    If  his  declination  on  one 
day  was  observed  to  be  21/  norths 
and  on  the  next  5/  south,  it  follows 
that  his  declination  was  nothing. 
or  that  he  was  in  the  cqainoctiaf 
point  about  twenty-three  minates 
after  seven  in  the  morning  of  the 
second   day.    Knowing   then    the 
precise  moments,  and  the  rate  of. 
the  sun's  motion  in  the  ecliptic,  it' 
is  easy   to   ascertain   the    precise 
point  of  the  ecliptic  in  which  the 
equator  intersected  it. 

The  motion  of  the  stars  in  «n/e> 
cedentia  was  long  considered  as  an 
inexplicable  mystery  in  the  science 
of  astronomy ;  but  it  is  now  as 
clearly  understood  and  accounted 
for,  as  any  of  the  other  celestial 
-phenomena. 

It  is  well  known,  that  while  the 
earth  revolves  round  the  sun  from 
west  to  east,  in  the  plane  of  the 
ecliptic,  in  the  course  of  a  year, 
it  turus  round  its  own  axis  from 
west  to  east  in  23^  501  4",  which 
axis  is  inclined  to  this  plane  in  an 
angle  of  nearly  23"  281 :  and  that 
this  axis  turns  round  a  line  perpen- 
dicnlar  to  the  ecliptic  iu  25745' 
years  from  east  to  west,  keepings 
nearly  the  same  inclination  to  the 
ecliptic. — By  this  means,  its  pole 
.in  the  sphere  of  the  starry  heavens 


in  Astronomy  is  a  &iow  lelrogrude  1  describes  a  circle  round  liie  pol« 
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of  the  ecliptic  at  the  distance  of 
93^*  28^  nearly.  The  consequence 
of  this  must  be,  that  tlie  terrestrial 
equator,  when  produced  to  tiie 
sphere  of  the  t^tarry  heavens,  will 
cut  the  ecliptic  in  two  opposite 
points,  through  which  the  sun 
must  pass  when  he  makes  the  day 
and  night  equal ;  and  that  these 
IK)ints  must  shift  to  the  westward, 
at  the  rate  of  50^  seconds  aiuiuMlly, 
which  is  the  precession  of  the  equi- 
noxes. 

To  find  the  Precession  in  right  As- 
cension and  Declination, 

Put  d  =  the  declination  of  a  star, 
and  a  =  its  right  ascension  ; 
then    their   annual   variations   of 
pressions  will  be  nearly  as  follow : 
viz, 

20''  '084  X  cos.  a  =  the  annual  pre- 
cession in  declination, 
and  46"   '0619  +  20"  '084  X  sin.  a 
X  tang,  d  =  that  of  right  ascen- 
sion. 

PRESS,  in  Practical  Mechanics^ 
a  machine  made  of  iron  or  wood, 
serving  to  compress  bodies  close, 
and  therefore  into  a  less  compass. 
The  common  presses  consists  of  six 
parts  or  members,  vl%,  two  flat 
smooth  planks  or  boards,  between 
which  the  compression  takes  place, 
two  screws  or  worms  fastened  to 
the  lower  plank,  and  passing 
through  two  holes  in  the  upper, 
and  two  nuts,  serving  to  drive  ihe 
upper  plank,  being  moveable, 
against  the  lower  one,  which  is 
fixed. 

Hydraulic  or  Hydrostatic  Press. 
Tills,  otherwise  called  Bramah's 
press,  is  a  machine  which  exerts 
a  very  powerful  effect,  and  the 
principle  of  it  is  at  the  same  time 
simple.  It  consists  of  a  strong 
frame,  with  a  moveable  bottom 
plate,  which  gives  the  pressure. 
Attached  to  the  under  side  of  this 
plate  there  is  a  piston,  which 
works  in  a  strong  cylinder.  Wa- 
ter is  forced  into  this  cylinder, 
through  a  tube  of  smaiU  aperture, 
by  a  common  forcing  pump,  and 
there  are  valves,  generally  conical 
oneSfWhich  prevent  the  water  from 
returning.  A  saJely-valve  is  also 
fitted  to  the  cyhndt-r,  the  aperture 
of  which  is  very  small  and  cover* 
ed  by  a  lever,  to  which  is  hung  a 
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weight.  l¥taen  water  Is  forced  into 
the  cylinder  it  drives  up  the  piston 
and  exerts  -Ute  pressure,  and  the 
safety-valve  prevents  the  appa- 
ratus from  bursting.  Inti  welUcon- 
structed  press  one  man  may  by  . 
pumping  in  a  pailfnU  of  water,  ex- 
ert a  pressure  of  many  tons. 

PRESSURE,  in  Physics,  is  pro- 
perly the  action  of  a  body  which 
makes  a  eontinuaS  effort  .or  endea- 
vour to  move  another  body  on 
which  it  rests;  such  as  the  action 
of  a  heavy  body  snpp|orted  by  a 
liorizontal  table;  and  is  thus  dis^. 
tinguished  from  percussion  or  mo- 
mentary force  of  action.  Since 
action  and  re-action  are  equal  and 
contrary,  it  is  obvious  that  pressure 
equally  relates  to  both  bodies,  viz, 
the  one  which  presses  and  that 
which  receives  the  pressure.  See 
a  few  remarks  on  the  difference 
between  percussion  and  pressure, 
under  the  article  Percussion. 

Pressure  of  Fluids,  is  of  two 
kinds,  viz.  of  elastic  and  non-elas- 
tic fluids. 

Pressure  of  Non-elastic  Fluids, 
The  upper  surface  of  a  homogene- 
ous he^vy  fluid  in  any  vessel,  or 
jany  system  of  communicating  ves- 
sels, is  horizontal. 

This  is  usually  explained  by  say- 
ing,  tiiat  since  the  parts  of  a  fluid 
are  easily  moveable  in  any  direc- 
tion, the  higher  particles  will  de- 
scend by  reason  of  their  superior 
gravity,  and  raise  the  lower  ^arts 
till  the  whole  comes  to  rest  in  a 
horizontal  plane*  Now,  what  is 
called  the  horizontal  plane  is,  in 
fact,  a  portion  of  a  spherical  sur- 
face, whose  centre  is  the  centre  of 
the  earth :  hence  it  will  follow, 
I  hat  if  a  fluid  gravitate  towards 
any  centre,  it  will  dispose  itself 
into  a  spherical  figure,  the  centre 
of  which  is  the  centre  of  force. 

If  a  fluid,  considered  without 
weight,  is  contained  in  any  vessel 
whatever,  and  an  orifice  being 
made  in.  the  vessel,  any  pressure 
whatever  be  applied  thereto,  that 
pressure  will  be  distributed  equal- 
ly in  all  directions.     Hence  : — 

1.  Not  only  is  the  pressure  trans 
mitted  equally  in  all  directions, 
but  it  acts  perpendicularly  upon 
every  point  of  the  surface  of  the  v 
vessel  which  contains  the  fluid. 
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Tor,  If  the  pressure  which  actH 
upon  the  sarfuce  were  not  exerted 
per|iendiciilarly,  it  is  euy  to  see 
that  it  conid  not  be  entirely  anni- 
hilHted  by  the  re-aciion  of  that 
surface;  the  surplus  of  force  woald, 
therefore,  occasion  fresh  action 
u|H>n  the  particles  of  the  fluid, 
which  must  of  consequence  be 
transmitted  in  all  directions,  and 
thus  necessarily  occasion  a  motion 
i1\  the  fluid ;  that  is,  the  fluid  could 
not  be  at  rest  in  the  vessel,  which 
is  contrary  to  experience. 

S.  If  the  parts  of  a  fluid  contained 
in  any  vessel,  open  towards  any 
part,  are  solicited  by  any  forces 
whatever,  and  remain  notwith- 
standing in  equilibrio,  these  forces 
mast  be  perpendicular  to  the 
open  surface.  For  the  equilibrium 
would  obtain,  in  like  manner,  if  a 
cover  or  a  piston  of  the  same  fl- 
gure  as  the  open  surface  were 
applied  to  it;  and  it  is  manifest 
that,  in  this  latter  case,  the  forces 
which  act  at  the  surface,  or  their 
resultant,  must  be  perpendicular 
to  that  surface. 

3.  If,  therefore,  the  forces  which 
act  upon  the  particles  of  the  fluid 
are  those  of  gravity,  we  shall  see 
that  the  direction  of  gravity  is 
necessarilv  perpendicular  to  the 
surface  of  a  tranquil  fluid;  conse- 

aucntly,  the  surface  of  a  heavy 
uid  must  be  horizontal  to  be  in 
equilibrio,  whatever  may  be  the 
flgure  of  the  vessel  in  which  it  is 
contained. 

4.  If  a  vessel.  Closed  throughout 
exce|>t  a  small  oriflce,  is  full  of  a 
fluid  without  weight;  then,  if  any 
pressure  be  applied  at  that  orifice, 
tlie  resulting  pressure  on  the  plane 
surface,  or  bottom,  will  neither  de- 
pend upon  the  quantity  of  fluid  in 
the  vessel,  nor  on  its  shape  ;  but, 
since  the  pressure  applied  at  the 
orifice,  is  transmitted  equally  in 
all  directions,  the  actual  pressure 
upon  the  bottom  will  be  to  the 
pressure  at  the  orifice,  as  the  area 
of  the  bottom  is  to  that  of  the 
orifice. 

5.  In  the  same  manner  will  the 
pressure  applied  at  the  orifice,  be 
exerted  in  raising  the  top  of  the 
vessel ;  so  that  if  the  top  be  a  plane, 
of  which  the  orifice  forms  a  part, 
the  vertical  preasuxe  leuding  to 
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fdrce  the  top  Upward^  Will  M  to 
the  force  applied  at'tlie  ailrfkce,  m» 
the  surface  of  the  top  to  tlie  area  ot 
the  orifice.  The  hydraulic  press  U 
foanded  upon  this  principle. 

The  pressure  of  a  flnid  on  the 
horizontal  base  of  a  vessel  in 
which  it  is  contained,  is  as  thd 
base  and  perpendicular  altitnde, 
whatever  be  the  figure  of  the  ves- 
sel  that  contains  it;  the  upper 
surface  of  the  fluid  being  scrpposed 
horiztmtal. 

PRIMARY  PlaneU,  are  snch  as 
revolve  about  the  son  as  a  centre ; 
such  are  Mercury,  Venus,  Terra 
the  Barth,  Mars,  Vesta,  Juno, 
Pallas,  Geres,  Jupiter,  Saturn,  and 
Uranus,  or  the  Georginm  Si.ius  ; 
being  thus  called  in  contradisdiic- 
tion  to  the  secondary  planets  or 
satellites,  which  revolve  aboar 
their  respective  primaries. 

PRIME  Numbers,  are  those 
which  have  no  divisors,  or  which 
cannot  be  divided  into  any  num- 
ber of  equal  inte^iral  piirts,  less 
than  the  number  of  units  of  which 
they  are  composed  ;  such  as  2,  3, 
5,  7,  II,  13,  17,  &c.  These  iiumbera 
have  formed  a  subject  of  invest!- 
gallon  and  inquiry,  from  tlie  earli- 
est date  down  to  the  present  day; 
and  a  rule  for  finding  them  is  stllf- 
amon^st  the  desiderata  of  mathe- 
maticians. Eratosthenes  invented 
what  he  called  a  sieve  for  this 
purpose,  because  by  this  he  sifted 
away,  or  sejiarated,  those  num- 
bers that  were  not  primes  froin 
those  that  were,  and  by  this  means 
ascertained  the  latter;  which  is  an 
indirect  method,  and  cannot  be 
applied  to  a  particular  case,  with- 
out  a  general  calculation. 

The  principle  of  this  method, 
which  is  the  same  that  has  since 
been  employed  by  modem  writers, 
for  ascertaining  those  numbers,  is 
as  follows : 

Having  written   down,  in   their 
proper  order,  all  the  odd  numbers, 
from  1  to  any  extent  required  ;  as, 
1     3     5     7     9  11   13   15  17  19 
i'l  23  25  37  29  31   33   35  37  89 
41  43  45  47  49  51  53   ^  57  59 
61  63  65  67  69  71  73  75  77  79 
81^83  85  87  89  91  93  95  07  99 
We  begin  with  the  first  prime 
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number  9,  and  over  every  third 
number,  frmn  that  place,  we  pat  a 
point,  because  aU  those  numbers 
are'  divisible  by  3;  as  0, 15,  21,  &c. 

Then  from  5,  a  point  is  placed 
over  every  filth  number,  all  these 
being  divisible  by  5,  snch  are  15, 
S5,  U,  &c. 

Again,  from  7,  every  7th  number 
is  pointed  in  the  same  manner, 
such  as  21,  39,  40,  &c. 

And  having  done  this,  all  the 
numbers  that  novr  remain  without 
points  are  prime  numbers;  for 
there  is  no  prime  number  between 
7  and  V  1^»  because  if  a  number 
cannot  be  divided  by  a  prime  num- 
ber less  than  the  square  root  of  it- 
self, it  is  itself  a  prime  number; 
adding  therefore  to  the  above,  the 
prime  number  2.  which  is  ihe  only 
even  prime  we  have, 
8,  3,  5,  7,  11,  13,  17,  19,  23,  29,  31, 
97,  41,  43,  47,  53,  59,  61,  07,  71,  73, 
79,  83,  89,  97, 

which  are  ail  the  prime  numbers 
under  100. 

The  method  of  finding  a  prime 
number  beyond  a  certain  limit,  by 
a  direct  process,  is  considered  one 
of  the  most  difficult  problems  in 
the  theory  of  numbers ;  which, 
like  the  quadrature  of  the  circle, 
the  trisection  of  an  angle,  and  the 
duplication  of  the  cube,  have  en* 
gaged  the  attention  of  many  able 
mathematicians,  but  without  ar- 
riving at  any  satisfactory  result. 
It  was  generally  supposed,  that 
this  might  be  done  by  some  formu- 
la, as  42a:«+17,  3ar<  +  5ar+19, 
,&c.;  in  which,  by  assuming  any 
number  whatever  forar,  the  whole 
formula  would  be  a  prime;  but  it 
may  be  demonstrated,  that  no  siich 
formula  can  exist ;  still,  however, 
thougli  no  rule  for  finding  these 
numbers  has  yet  been  discovered, 
yet  many  very  interesting  proper- 
ties of  them  have  been  demon- 
strated, the  principal  of  which  are 
as  follow : 

1.  If  a  number  cannot  be  divided 
by  another  number  less  than  the 
square  root  uf  itself,  that  number 
is  a  prime. 

2.  All  prime  numbers  are  of  one 
of  the  forms  4i»-t-l»  or4ii— 1; 
that  is,  if  a  prime  number  be  di- 
vided by  4,  the  remainder  will  be 
:t:  1.    So,  also,  aZl  prime  numbers 
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are  of  one  of  the  forms  OnJ^l^ 
and  various  other  forms  may  be 
given,  but  the  converse,  as  ob* 
served  above,  has  not  place  ; 
namely,  that  every  number  in 
these  forms  is  a  prime. 

3.  Tlie  number  of  prime  numberi 
is  infitnite. 

4.  There  cannot  be  three  prime 
numbers  in  arillunetical  progres- 
sion, unless  their  common  differ- 
ence be  divisible  by  1  X  2  X  3;  or 
unless  the  first  of  these  primes  bcf 
the  number  3,  in  which  case  there 
may  be  three  prime  numbers  itt 
such  an  arithmetical  progression  ; 
but  there  cannot  be  more  than  3. 

5.  If  It  be  a  prime  number,  theo 
will 

1.2.3.4.  5,  &c.  »,+  l 
be  divisible  by  n. 

6.  Every  prime  number  of  the 
form  4n+  1,  is  the  sum  of  two 
squares;  as  5  =  2^  +  1'^,  13  =  3«-f 
2^,  17=.4«-f  1<,  &c.;  but  a  prime 
number,  not  of  this  form,  cannot 
be  resolved  into  two  squares. 

7.  Every  prime. number  of  the 
form  8«-j-l,  is  of' the  three  forms 
y«  +  S  -,  y^  +  2aJ«.  3/2  —8  s«. 

Thus  41  =  5<-f  42  =  3*-t-2.4»  =  72 

—  2.2'. 

And*73  =  8«  +  3«=  1«  +  2.(P  =  9» 

—  '1.2*. 

8.  Every  prime  number  8»+7,* 
is  of  the  u>rm  yv — 2s^. 

Thus  31  =  7«  —  2.3^;  and  47  =  7« 

—  2.K 

U.  Every  prime  number  8»-f-3, 
is  of  the  form  y9-f  2  3«. 

For  example,  11, 19,  and  43,  ate 
primes  of  this  form  ;  and  ll  :=  3^  + 
•2.1«,  19=12  +  2.3«,  and43  =  5«  + 
2.3*. 

10.  If  n  be  a  printe  number,  and 
r  ai^y  number  whatever  not  divisi- 
ble byn;  then  will  r*»,  when  di- 
vided by  n,  leave  the  same  re- 
mainder as  r  divided  by  n. 

11.  Supposing  still  n  and  r,  as  m 
the  preceding  case,  r« — * — 1  will 
be  divisible  by  n. 

12.  The  square  of  every  prime ' 
number  of  the  form  4w-}-  1,  is  of 
the  form  y^-4-25s«. 

For  the  demonstralion  of  these, 
and  various  other  properties  of 
prime  numbers,  see  Barlow's  "  Ele^ 
mentary  Investigations,"  &c. 

PaiMJB  Vertical,  is  that  vertical 
circlei  or  azimuthi  which  is  peiw 
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peti6icaUr  to  the  meridUin,  and 
passes  tliroagh  tlie  east  and  west 
points  of  the  horizon. 

Prixk  Vertical  Dials,  are  those 
thai  are  projected  on  tlie  plane  of 
the  prime  vertical  circle,  or  on  a 
plane  |>arailel  to  it.  These  are 
otherwise  called  direct*  erect, 
north,  or  south  dials. 

pRi UB  of  the  Mootit  li  the  new 
mooM  at  her  first  appearance,  for 
akM>ut  three  days  after  her  change. 
It  means  also  the  Gulden  Number, 

Prim OM  Mobile,  in  the  Ptolemaic 
Astronomif,  the  ninth  or  tiighest 
sphere  of  the  heavens,  whose  cen- 
tre is  that  of  the  world,  and  in 
comparison  of  which  the  earth  is 
but  a  point.  This  the  ancients 
supposed  to  contain  all  other 
splitrres  within  it,  and  to  give  mo- 
tion to  them,  turning  itself,  and  all 
of  them,  quite  round  in  twenty -four 
hours. 

PRINCIPAL,  in  Arithmetic  or  in 
Commerce,  is  the  sum  lent  upon  in- 
terest, either  simple  or  compound. 

PRISM,  in  Geometrt/t  is  a  body, 
or  solid,  whose  two  ends  are  any 
plain  figures  which  are  parallel, 
equal,  and  similar;  and  its  sides 
connecting  those  ends  are  paral- 
lelograms. Hence,  every  section  pa- 
rallel to  the  base,  is  eqnal  and  simi- 
lar to  the  base ;  and  the  prism  may 
be  considered  as  generated  by  the 
parallel  motion  of  this  plane  figure. 

Prisms  receive  particular  names, 
according  to  the  figure  of  their 
bases ;  as  a  triangular  prism,  a 
square  prism,  a  pentagonal  prism, 
a  hexagonal  prism,  and  so  on.  And 
hence  the  denomination  prism 
comprises  also  the  cube  and  )>arai- 
lelopipedon,  the  former  being  a 
square  prism,  and  the  latter  a  rec- 
tangular one.  And  even  a  cylin- 
der may  be  con!<idered  as  a  round 
))rism,  or  one  that  has  an  infinite 
number  of  sides.  Also  a  prism 
is  said  to  be  regular  or  irregular, 
according  as  the  figure  of  its  end 
is  a  regular  or  an  irregular  polygon. 

The  axis  of  a  prism,  is  the*  line 
conceived  to  be  diawn  length- 
ways thrf)ugli  the  middle  of  it, 
conneciiiig  the  centre  of  one  end 
with  ituti  of   the  other  end. 

Prisms,  again,  ate  either  right  or 
obli'ine. 

A  right  prism  U  Vhal  whose  sides 
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and  its  axis  are  perpendiealar  to  iU 
ends,  like  an  upright  tower.    And 

An  oblique  prism,  is  when  the 
axis  and  sides  are  obliqae  to  the 
ends ;  so  that,  when  set  npon  .one 
end,  it  inclines  on  one  hand  nK>re 
than  on  the  other. 

The  principal  properties  of  prisma 
are, 

1.  That  all  prisms  are  to  one 
another  in  the  ratio  eompoandeid 
of  their  bases  and  heights, 

S.  S^imilar  prisms  are  tu  one  an- 
other in  the  triplicate  ratio  of 
their  like  sides. 

3.  A  prism  is  triple  of  a  pyramid 
of  equal  base  and  height ;  and  the 
solid  content  of  a  prism  is  found 
by  multiplying  the  base  by  the 
perpendicular  height. 

4  Tne  upriciht  surface  of  a  right 
prism  is  equal  to  a  rectangle  of 
the  same  height,  and  its  breadth 
equal  to  the  perimeter  of  the  base* 
or  end.  Ana,  therefore,  such  up 
right  surface  of  a  right  pritini,  is 
found  by  multiplying  the  perime- 
ter of  the  base  by  the  perpendicu- 
lar height.  Also  the  upright  sur- 
face of  an  oblique  prism  is  fouud 
by  computing  those  of  all  its  pa- 
rallelogram sides  separately,  and 
adding  them  together. 

And  if  to  the  upright  surface  be 
added  the  areas  of  tiie  two  ends, 
the  sum  will  be  the  whole  surface 
of  the  prism. 

Prism,  in  Optics,  is  an  instru- 
ment employed  for  showing  the 
properties  of  solar  light,  and  con- 
sists merely  of  a  triangular  prism 
of  glass,  which  separates  the  rays 
of  light  in  their  passage  through 
it,  in  consequence  of  the  different 
degrees  of  refrangibility  that  has 
place  in  the  component  part  of  the 
same  ray. 

It  is,  for  instance,  by  means  of 
this  instrument  t<iat  tiie  origin  of 
colours  is  shown  to  be  owing  to 
the  composition  which  takes  place 
in  the  rays  of  light,  ea6h  hetero- 
geneous ray  consisting  of  innn- 
nierable  rays  of  different  colours. 
I'hus,  a  ray  beiivg  let  into  a 
darkened  room,  thriin^li  a  small 
round  aperture,  and  1  Ailing  on  a 
triangular  glass  prism,  is  by  tihe 
refraction  of  tlie  prism  consider- 
ably dilated,  and  will  exhibit  on 
the  opposite  wall  an  ublong  image. 
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Cftlled  fl  spectrtmi,  rarionsly  eo- 
louredy  the  extreiriiiies  of  which 
are  bounded  by  semicircles,  and 
the  sides  r«ctilinear.  Tlie  coloui's 
are  commonly  divided  inio  seven, 
-which,  however,  have  various 
shades,  gradually  iiiiei'mixing  at 
their  juncture.  Their  order,  be- 
ginning from  tlie  side  of  the  re> 
fracting  angle  of  the  prism,  is  red, 
orange,  yellow,  greeu,  blue,  put*- 
pie,  and  violet.  The  obvious  con- 
clusion from  this  experiment  is, 
that  the  several  component  parts 
of  solar  light  have  different  de- 
grees of  refrangibility,  and  that 
each  subsequent  ray  in  the  order 
above  mentioned,  is  more  refran- 
gible than  the  preceding. 

As  a  circular  image  woald  be 
depicted  by  the  solar  ray  unre- 
fracted  by  the  prism,  so  each  fay 
that  suffers  no  dilation  by  the 
prisDl,  would  mark  oui  a  circular 
image  in  the  original  direction  of 
the  ray.  Hence,  it  appears  that 
the  spectrum  is  composed  of  inna- 
xnerable  circles  of  different  co- 
lours. The  mixture,  therefore,  is 
proportionable  to  the  number  of 
circles  mixed  together;  but  all 
such  circles  lie  between  those  of  two 
contingent  circles,  consequently 
the  mixture  is  proportionable  to 
the  interval  ot  (liose  centres ;.  vtx, 
to  the  breadth  of  the  spectrum. 
Consequently,  if  the  breadth  can 
be  diminished,^ retaining  the  length 
of  the  rectilinear  sides,  the  mix- 
ture will  be  lessened  propbrtlun- 
ably ;  and  this  is  done  by^  ttie  fol- 
lowing process : — ^At  a  considerable 
distance  from  the  kol^,  place  a 
double  convex  lens,  whose  focal 
length  is  equal  to  half  that  dis- 
tance, and  place  the  prism  behind 
the  lens ;  then,  at  a  distance  tie. 
hind  the  lens,  equal  to  the  distance 
from  the  hole,  will  be  formed  a 
spectrum,  the  length  of  \f  hose  rec- 
tilinear sides  is  the  same  as  before, 
but  its'  breadth  much  less;  for  the 
undiminished  breadth  was  equal 
to  a  line  subtending,  at  the  dis- 
tance of  the  spectrum  from  the 
liole,  an  angle  equal  to  the  ap- 
]>arent  diameter  of  the  sun,  toge- 
ther with  a  line  equal  to  the 
diameter  of  the  hole  ;  but  th^  re- 
duced' breadth  is  equal  to  tlie 
diituieter  of  the  bole  only:  the  I 
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imag^  of  the  hole  fbrmed  by  the 
lens,  at  the  distance  of  dpuble  its 
focal  length,  is  equal  to  the  hole } 
tiierefore  its  seveial  images,  in  the 
different  kinds  of  rays,  are  equal 
to  the  same ;  vix,  tlie  breadth  of 
the  reduced  s|)vctruni  ib  equal  to 
the  diameter  ot  the  hole. 

It  is  ^Iso  known  from  experi- 
ment that  a  prism  placed  in  ait 
horizontal  position  will  project 
the  ray  into  an  oblong  form,  but 
if  another  horizontal  prism  be  ap 
plied,  similar  to  the  former,  to  re 
ceive  the  refracted  light  emerging 
from  the  first,  and  having  its  re- 
fracting angle  turned  the  contrary 
way  from  that  of  the  former, 
the  light,  after  passing  through 
both  prisms,  will  assume  a  circu- 
lar form,  as  if  it  had  not  been  at 
all  refracted.  But  if  the  lights- 
after  emerging  from  the  first  prislu,- 
be  received  on  another  prism,  per 
pendicular  to  the  former;  it  will 
be  refracted  by  tliis  into  a  position 
inclined*  to  the  former;  but  ii» 
breadth  will  remain  the  same. 

In  order  now  to  show  that  the 
different  colours  buffer  no  manner 
of  change  from  any  number  of  re- 
fractions, let  there  be  placed  close 
to  the  prism  a  perluraied   board,, 
and  let  the  refracted   light  trans* 
mitted  throo^h   the   hole    be   re- 
ceived on  another  board  parallel* 
to  the  former,  and   likewise  per- 
forated with   a  small   hole ;    and- 
behind   this   hole    place    anoihei* 
prism,  with    its   retracting  angle* 
downwards,,    and    turn     the    Urst 
prism  slowly  about  its  axis,  and 
the  light  will  then  move  up  and 
down   the  second  board ;   let  the 
different  colours   be   turned   suc- 
cessively, and  mark  the  place  of 
the  different  coloured  rays  on  the 
wall  after  their  refraction  at  the. 
second   prism;    it   will    then    be 
found   that  the  red   is   seen    the 
lowest,  and  the  violet  the  highest, 
and  ihe  rest  in  the  iulermediale 
space  in  their  order. 

Frotn  these  experiments,  aided 
by  some  others  which  our  limits 
will  not  admit  of  detailing,  the 
following  conclusions  have  been 
drawn,  vix.  The  solar  rays  may  be 
resolved  into  different  coloured 
rays  ;  these  coloured  rays  are  in> 
mutable,  either  by  Y«\!L«Q.\ik»-QL  ^x. 
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refraetfon.  That  from  the  nix. 
tttre  of  these  coloured  rays  in  due 
proportion  solar  light  may  be  pro- 
duced ;  and  consequently,  that  the 
dilferenlly  coloured  rays  exist  in 
solar  light,  though,  when  blended 
together  in  their  natural  propor- 
tions, it  exhibits  no  traces  of  colour. 

PRISMOID,  a  figure  resembling 
a  prism. 

PROBABILITY  of  an  Event,  in 
the  doctrine  of  (JhanceSf  is  the  ratio 
of  the  nOfffTber  of  chances  bv  which 
tiie  evf  nt  may  happen,  to  the  num- 
ber by  which  it  may  both  happen 
and  fail.  So  that,  if  there  be  con- 
stituted a  fraction,  of  which  the  nu- 
merator is  the  number  of  chances 
for  the  events  happening,  and  the 
denominator  the  number  for  both 
happening  and  failing,  that  frac- 
tion will  properly  express  the 
ralue  of  the  probability  of  the 
event's  liappening. 

PROBLEM,  in  Geometry,  is  a 
proposition  wherein  some  opera- 
tion or  construction  is  required  ;  as 
to  divide  a  line  or  angle,  erect  or 
let  fall  perpendiculars. 

PaoBLXM,  in  Algebra,  is  a  ques- 
tion or  proposition  which  requires 
some  unknown  truth  to  be  investi- 
gated, and  the  troth  of  the  disco- 
veiy  proved. 

PaoBLBM  of  the  Titree  Bodies,  is 
the  term  by  which  is  denoted  the 
celebrated  problem  of  finding  the 
inequalities  of  the  lunar  orbit. 
This  problem,  in  all  its  generality, 
Ss  as  follows :  three  bodies  of  given 
magnitudes,  as  the  sun,  the  earth, 
and  moon,  being  projected  into 
space  with  given  velocities,  and  in 
given  directions,  and  attracting 
each  other  according  to  a  given 
law  (the  inverse  ratio  of  the  squares 
of  their  distances  from  each  other, 
and  directly  as  their  masses) :  it  is 
required  to  determine  the  nature 
of  the  curve  that  one  of  them,  as 
the  moon,  describes  about  one  of 
the  others,  as  the  earth.  Such  is 
the  general  stale  of'  the  problem, 
but  in  the  case  in  question,  there 
are  certain  conditions  which  ren- 
der it  less  difficnit,  iHx.  1.  That 
one  of  the  bodies,  the  sun,  is  very 
great  in  comparison  with  the  other 
two,  and  nearly  at  re.st.  2.  Its 
distance  from  tlte  other  two  is  so 
freat  that  it  may  be  cound«red 
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the  same  for  both*  S.  The  orbit 
of  the  moon  about  the  earth  is 
nearly  an  ellipse,  and  the  aberra- 
tions from  which  is,  therefore,  all 
that  is  required.  The  problem, 
even  with  these  limitations,  is  suffi- 
ciently  difficult,  and  has  engaged 
the  attention  of  the  most  celebrat- 
ed analysts  of  modem  times. 

PRODUCT,  in  ArUhmetic  and 
Algebra,  is  the  quantity  arising 
from  the  multiplication  of  two  or 
more  factors. 

Some  of  the  most  remarkable 
properties  of  products,  as  to  their 
forms,  with  reference  to  the  factors 
whence  they  were  produced,  may 
be  stated  as  follows : 

1.  The  product  of  the  sum  of  two 
numbers  by  their  difierence  is 
equal  to  the  ditference  of  theii 
squares ;  that  is, 

(«+y)(«-y)  =  *«—»■. 
3.  The  double  of  the  sum  of  two 
squares  is  also  the   sum  of  two 
squares;  that  is, 

(««  +  ir<)  X  8  =  (ar  +  3r)«  +  (j--f F. 
Consequently,  the  sum    of  two 

squares,  nmltiplied  by  any  power 

of  3,  is  the  sum  of  two  squares; 

thus  for  example : 

5  =  28-f   l«;   5   X3=10  =  3«4-l» 

10X3  =20=4»-t-2«;  40  =  (r<-i- 

2«,  &c. 

3.  The  product  of  the  snm  of  two 
squares,  by  the  sum  of  two  squares, 
is  itself  the  sum  of  two  squares ;  for 

(xy' — xiyj*  or 
(xyl  +  xly)'»    . 
Thus         5  =  2«-4-l« 
I3=g3*-i-2» 

product  65  =  8^  +  1^  or  7^  -)-  49 

■  111* 

4.  The  product  of  the  snm  of  four 
squares,  by  the  sum  of  four  squares, 
is  also  the  sum  of  four  squares ;  for 

(«;«  +  ««  + y«  +  a^)  X  (wn-\.a^  + 
yi9+zn)  =  {mvl  +  xx-f  -f  yjK  -4-  zxl^ 
+  (wxi  —  xtpi  -H  ysi  —  yizyi  4-  C«y 
—xzi'^ywi  +  «*')*  +  (tvxf  -h  xy— 

5.  The  product  of  two  nnnihers, 
or  formula:  of  the  form  afl-^-ay^ii 
also  the  same  form  ;    for 

_  J  (xxi+ayy')'^-^  a  (jpyt  —  yx/y 
"^  }  (xxi—ayyi'm'  a  (xyf  4-  yxlj» 
0.  The  two  formulae  «a  -|.  yv 4.  it>« 
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riiiu      »=   a»+ 


((»+'«)',+  (»-»/' 


+  *)'  +  (»-»)• 


Pro|irr»iDn   it  either  irilhi 

Arlihmtllcal  Fioaitutiaii,  I 
If  n«s  af  three  or  man  quuiUi 
that  have  k]I  the  ume  cotnn 
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In  Any  geometrical  profrcatloo,  if 
m  denote  Uie  least  term 
a  the  greatest  term, 
r  the  common  ratio, ' 
«  the  number  of  the  terms, 
s  tlie  sum  of  tlie  series,  or  all  the 

terms ; 
then  any  of  these  quantities  may 
be  found  from  the  others,  by  means 
of  these  general  values  or  equa- 
tions, viz. 


'off*  —      lop.  r 4-  lop,  e  —  lop.  a 


When  the  series  is  infinile,  then 
the  least  term  a  is  nothing,  and 

the  sum  s  =         • 
r— I 

In  any  increasinp  geometrical 
progression,  or  series  beginning 
with  I,  ihe  5d,  5th,  7th,  &c.  terms 
will  be  Kqnures;  Ihe  4th,  7lh,  10th, 
&c.  cubes;  and  liie  7th  will  be 
both  a  square  and  a  cube.  Thus 
in  the  series  1,  r,  r«,  r^,  r*,  r*,  r*, 
r',  r",  r9,  &c.  r'^,  rS  r«,  r^,  are 
squares;  r^,  r^,  r^,  cubes;  and  r* 
both  a  square  and  a  cube. 

PROJECTILES,  is  that  branch 
of  mechanics,  which  relates  to  the 
motion,  velocity,  range,  &c.  of  a 
heavy  body  projected  into  void 
space  by  any  external  force,  and 
then  left  to  the  free  action  of  gra- 
vity, by  which  it  descends  to  the 
earth. 

Till  the  time  of  Galileo  the  true 

fiath  of  a  projectile  was  unknown  ; 
t  was  supposed  that  its  first  motion 
was  in  a  right  line  in  the  direction 
of  the  impelling  force,  and  that  it 
afterwards  described  a  curve  ;  but 
the  natureof  that  curve  was  wholly 
i^nknown.  Tartaglia,  however, 
pointed  out  the  error  of  supposing 
any  part  of  the  path  to  be  a  right 
line ;  but  it  was  Galileo  who  first 
demonstrated  that,  on  the  supposi- 
tion of  gravity  acting  in  parallel 
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lines,  th«  body  would  descvlbc  the 
curve  of  a  parabola.  This*  it  Is 
true,  is  not  tlieoretically  correot, 
for  the  action  of  gravity,  it  is  well 
known,  is  not  made  in  linos  paraU 
lei  to  each  other,  but  in  lines  per- 
pendicular to  the  earth's  surface : 
the  error,  however,  is  so  trifling  as 
to  be  of  no  importance,  and  this 
8n4>positlon  of  its  parallelism  ')» 
therelore  universally  adopted. 

There  is  no  branch  of  mixed 
raathemfitics  that  presents  a  more 
elegant  and  interesting  theory  Iba^ 

f)rojectiles ;  but  it  unfortunately 
lappens,  also,  that  there  is  noae 
in  which  theory  and  practice  are 
more  at  variance,  a  circumstance 
which  IS  principally  lobe  atlribn^ 
ed  to  tlie  rc^isiauce  of  the  air, 
which  is  very  comuderable,  vherr 
as  in  theory  the  motion  is  supposed 
to  take  place  in  void  spfMse^  or, 
as  it  is  conimonly  said,  lo  a  noiv- 
resisting  medium.  The  following 
pro|)ositions  comprise  the  theory 
of  pn>jectiles  in  noi>-reaiaiuig  me- 
diums : 

1.  If  a  heavy  body  be  projected 
into  a  non-resisting  medifun^  eit|ier 
parallel  or  in  any  way  inclined  to 
the  horiz<m,  it  will  by  tliia  motion, 
combined  with  that  resulting  fron> 
the  action  of  gravity,  deacribe  U&f 
curve  of  a  parabola. 

Cor.  1.  The  velocity  in  the  line 
of  direction  being  uniform,  the  ho* 
rizonial  velocity  is  also  uniform, 
and  it  is  to  the  former  as  radius  to 
the  cosine  of  the  angle  of  elevation. 

Cor,  2.  The  velocity  in  the  direc- 
tion of  gravity  at  any  point,  is  to 
the  first  projectile  velocity,  as 
twice  the  ordinate,  or  descent  from 
the  line  of  direction,  is  to  the  dis- 
tance measured  upon  that  line. 

Cor,  3.  The  squares  of  the  dis- 
tances in  the  line  of  direction  is 
equal  to  four  times  the  rectangle 
of  the  ordinate  and  projectile  force 
or  impetus. 

2.  Let  the  impetus  =  mj  the  velo- 
city of  projection  =  t;  =  2  \/  gai> 
the  time  ot  flight  =  tj  the  descent 
of  gravity  in  one  second  lOJL  =g. 
And  call  the  angle  of  elevation 
=  A,  the  angle  of  inclination  of  the 
plane  =  B,  and  the  sum  of  these 
two  =  C ;  then  since  the  velocity 
is  uniform    we  have  in  the  tx*t 
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place,  the  range   in  the  line  of 

dii  eciioM  =  tv. 

Again,  as  (=  cos.  B) :  ftin.  G  =  tv: 

H,  the  Anai  ordinate 

,_       sin.  C   .  —      - 1 

whence  H  = ;,  tv=:gfi=4h, 

COS.  B 

h  being  the  greatest  height  of  the 

i>rojectile, 

COS.  B     ^       -  ^ 
whence   v  =  -■.  g  t  and  t  =s 

siu.  C 

sin.  C    V 

_^_^  •  — 

CU6.    B      g 

Again,  As  sin.  A  (=co8.  B):  = 
COS.  A  =  ^  V  :  or,  the   range  r  = 
COS.  A  - 
5^t» 

COS.  a 

Now  substituting  in  this  last  ex- 
pression, for  tlie  range,  the  values 
of  V,  ty  &c.  as  found  above,  we  have 
COS.  A  ^         COS.  A  ^  _^ 


r  = 


CUB.  B  '         sin.  C 
COS.  A.  sin.  C    i/^ 

g 


COS.  «B 
cos.A.  f«inC,         cos.A  . 

cos.^B  »>".  C 

And  from  these  we  readiiy  draw 
the  following  values  of  r,  t^  and  p. 

cos.Br  ^^/       gr 

. -— =co5.Bv  ■: T, 

cos.A  ^  ctis.A.sin.C 

COS.  B    ^       «co»  B   ,   , 


lUI 

S 


A  = 


1 


,__3  COS.   B^  g  ~cos.Bg^~  •^ 
§      !i!ll£-— 2  /^  _ cos.Br 
cos.  A  g  ~         fi  ""  cos.A  V 
sin.  «C      _  sin.  «C  y^  __ 

COS.  B     ~cos.  «B4|f 
sin.  Cr  _gt* 

COS.  A  4  ""  4 

And  from  these  formulae  it  is 
easy  to  find  expressions  for  the 
sine  or  cosine  of  the  angle  of  ele- 
vation,  when  these  are  to  be  de- 
termined. 

When  the   plane   is  horizontal 

these    expressions    become    more 

simple. 

^     ^        cos.A     ^ 

cos.  A  .  f y  =  -: r  gt*  =• 

sin.  A 

cos.  A.  sin.  A*  '^  =  COS.  A» 

,     -  COS.  A 

Sin*  A*  4  m  =  t" — r  •  4  A 


1 — =,*/ . , 

COS.  A  ,t  COS.  A.  sin.  i| 

_  gt    _g\/g*_    /^ 
sni.A      sin.   A 


*  = 


1 

£sin.8Am=^i:^ 

1    sin.  A.  r     gip 
V    4  COS.A        4 


jL 


sin. 
m     sin.A.v 


=  >/ 


sin.A.r  .A  r 

cos.A.f        ^  g       COS.A.V 
sin«A*9 


sio.  A 


385 


And  these  again,  by  snbstitaUng 
sin.  A.  COS.  A  =  ^  sin.  2  A  and 

— '—--  =  tan.  A,  are  rendered  still 

Coa.  A 

more  simple,  and  particularly 
those  which  relaie  to  the  angle  of 
elevation.    We  have  thus, 

r  =  -^ — ;  =  sin.  2  A  -  =  srn. 
\an.  A  2g 

2  A.  2m 

gt       2     ,  tv 

Sin.  a  =  -•  =  —  y/  gm=z  — 

*;       i;  4rt 

gt^      4m  gt* 

tair.  a  =  — '  =  —       =  — 
r         r  r 

,     ^        2rg       r  2gr 

From  which  last  value  of  r  it  is 
obvious  that  the  ranee  varies  as 
the  sine  of  the  double  angle  of 
elevation,  and  therefore  that  it  is 
Uie  greatest  when  this  angle  is  49**, 
or  when  the  angle  subtended  by 
the  plane  and  impetus  is  bisected, 
and  tlie  same  is  also  true  in  the 
latter  sense,  for  the  oblique  plaii^e. 

2.  And  in  both  cases  all  angles, 
equally  above  and  be)ow,  that 
vhich  gives  the  maximuia  range, 
will  give  equal  ranges,  as  may  b? 
readily  deduced  fromr  the  preced- 
ing formulae. 

3.  All  things  being  the  sajne,  the 
range  varies,  as  1/*,  or  as  the  square 
of  the  velocity  ;  as  doe^  also  the 
greatest  height  of  the  projectile. 

4.  The  lime  of  flight  varies  fu 
the  velocity,  or  as  the  square  root 
of  the  impetus. 

PROJECTION,  in  Mechanics,  the 
art  of  giving  a  body  its  projectile 
motion. 

P  B  o  a  K  c  T  »o  H  of  the  Sphere  in 
Piano,  is  a  representation  of  the 
several  points  or  places  of  the  sur^ 
face  of  the  sphere,  and  of  th.«  <lV^%. 
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•let  deftcrib«H  upon  it,  np«>n  a 
transparent  plane  placed  between 
the  eye  and  the  sphere,  or  such  as 
they  appear  to  the  eye  placed  at  a 
given  distance. 

The  princi)ml  use  of  Uie  projec- 
tion or  the  sphere  is  in  the  con* 
struction   of    planispheres,   maps, 
and  charts,  which  are  said  to  be 
.  of  this  or  that  projection,  accortl- 
^  ing  to  the  several  situations  of  the 
"  eye,  and   the   perspective  plane, 
>villi  regard  to  the  meridians,  pa- 
rallels, and  other  poiiHs  or  places 
lo  represented. 

The    most    usnal    projection    of 
maps  of  the  world,  ii  that  on  the 

Elane  of  the  meridian,  which  ex- 
ibiis  a  ri^ht  sphere,  the  first  nie- 
ridian  bemg  the  horizon.  The 
next  is  that  on  the  plane  of  the 
equator,  which  has  the  pole  in  the 
centre,  and  the  meridians  the  radii 
of  a  circle,  &c. 

The  projection  of  the  sphere  is 
usually  divided  into  oithotiraphic 
and  stereographic ;  to  vhich  may 
be  added  gnomonic. 

Orthographic  Paojkction,  is  that 
in  which  tlie  surface  of  the  sphere 
is  drawn  upon  a  plane  culling  it 
in  the  middle ;  the  eye  being  placed 
at  an  infinite  distance  vertically  to 
one  of  the  hemispheres. 

StereografMc  Peoj  kction  of  the 
Sphere,  is  that  in  which  the  snr* 
face  and  circles  of  tlie  sphere  are 
drawn  upon  tlie  plane  of  a  great 
circle,  ihe  eye  being  in  the  pole 
of  that  circle. 

Gnomonical  Projection  of  the 
Sphere,  is  that  in  which  ihe  sur- 
face of  the  sphere  is  drawn  upon 
an  external  plane,  commonly 
touching  it,  the  eye  being  at  the 
centre  of  the  sphere. 

'Stereographic  Projection, 

Prop,  1.  Any  circle  passing 
through  the  projecting  point,  is 
projected  into  a  right  line.  For, 
all  lines  drawn  from  the  project- 
ing point  to  this  circle,  pass  through 
its  interseciion  with  ihe  plane  of 

Srojeclion,  wiiich  is  a  riglil  line, 
ience,  1.  A  great  circle  passing 
through  the  poles  of  ihe  prnnilive 
circle,  is  projected  into  a  ri^ht 
line  passing  through  tlie  centre. 
2.  Any  circle  passing  through  ihe 
projecting  \K>inl,  v»  pTojecVcA  \\\V.o 
a 


line  of  mea8**re8,  and  distant  froM 
the  centre,  the  semi-tangent  of  its 
nearest  distance  from  the  pole  op- 
posite to  tlie  projecting  point. 

Prop.  2.  Every  circle  that  does 
not  pass  through  the  projecting 
point,  is  projected  into  a  circle* 

Case  1.  (Plate,  projection  of  the 
sphere,  tig.  1.)  Let  the  circle  Bi^ 
be  paralle4  to  the  primitive  BD^ 
lines  drawn  to  all  points  of  it,  from 
the  projecting  point  A,  will  form 
a  conic  surface,  which,   being  cut 

Sarallel  to  the  base,  by  the  plane 
iD,  tlie  section  OH,  into  whieh 
EFis  projected,  will  be  a  cirele; 
by  the  conic  sections. 

Case  2.  (tig.  2.)  Let  BH  be  the  line 
of  measures  to  the  circle  E  F ;  draw 
FK  iiarallel  to  BD,  then  will  the 
arc  AK  equal  AP,  and  therefore 
the  ansle  AFKor  AH6,  is  equal 
to  AEF;  wherefore,  in  the  trian- 
gles A  EF  and  A  OH,  the  angles 
at  E  and  H  bre  equal,  and  the  aiH 
gle  A  common  ;  therefore,  the  an- 
gles at  F  and  O  are  equal.  Whence 
ihe  cone  of  rays  A  EF,  the  bene 
of  which  £  P  is  a  circle,  is  cat  by 
a  sub-contrary  section,  by  the 
plane  of  projection  B  D ;  and, 
therefore,  by  the  conic  sections, 
the  section  OH,  which  is  the  pro> 
jection  of  the  circle  £  Fy  will  alsd 
be  a  circle.    Hence 

When  A  F  is  equal  to  A  G^  the 
circle  E  F  is  projected  into  a  circle 
equal  to  itself.  For  then  the  simi- 
lar  triangles  A  H  O  and  AEF  will 
also  be  equal,  aiid  OH  eoaal  to 
EF. 

Prop.  3.  Any  point  on  the  sar^ 
face  of  the  sphere  is  projected  into 
a  point,  distant  from  the  centre; 
the  semi-langent  of  its  distacce 
from  the  pole  opposite  to  the  pro- 
jecting point.  Thus  the  point  B, 
(fig.  2.)  is  projected  into  6,  and  F 
into  H  ;  and  C  G  is  the  semi-tangent 
of  E  M,  and  C  H  of  M  P.    Hence, 

1.  A  great  circular  perpendicular 
to  the  primitive,  is  projected  into 
a  line  of  semi-tangents  passing 
through  the  centre,  and  produced 
ad  infinitum. — For  M  F  is  projected 
into  C  H  its  semi-tangent,  and  FM 
into  the  semi-tangent  CO.  S.  Any 
arc  £  M  of  a  great  circle,  perpen* 
dicular  to  the  primitive,  is  pro* 
ji^cted  into  its  semi-langent.     Thus, 


right   line  pevpeud\cu\ait  vo  XXveV^"^  vs,  \jtti\tcUid  into  G  C. 
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8.  Any  arc  BMP  of  a  great  cir- 
cle is  projected  into  the  sum  of  its 
semi-tangents,  of  its  greatest  and 
least  distances  from  the  .opposite 
|K>le  M,  if  it  lie  on  both  sides  of 
M  ;  or  the  difference  of  the  semi- 
tangents  when  all  on  one  side. 

Prop.  4.  The  angle  made  by  two 
circles  on  the  surface  of  the  sphere, 
is  equal  to  that  made  by  their  re- 
presentations upon  the  plane  of 
projection. 

Let  the  angle  B  P  K,  (fig.  3.)  be 
projected;  through  the  angular 
point  P  and  the  centre  C  draw  the 
plane  of  a  great  circle  P  B  D,  per- 
pendicular to  the  plane  of  projec- 
tion BF6.  Let  a  plane  PH6 
touch  the  sphere  in  P ;  then,  since 
the  circle  BPD  is  perpendicular 
both  to  this  plane  and  tu  the  plane 
of  projection,  it  is  perpendicular  to 
t^ieir  intersection  6H.  But  the 
angles  made  by  circles  are  the 
same  as  those  made   by  their  tan- 

Sents;  therefore,  in  the  plane  P6H, 
raw  the  tangents  P  H,  P  F,  P  6, 
to  the  arcs  P  B,  P  D,  PK,  and  they 
witL  be  projected  into  the  lines 
j>H,  j»F,  pKi  then  the  <,CpA 
will  =  <  HpG.  For  the  angle 
CPF  is  a  right  angle  =  C;} A  -f 
C  AP;  therefore,  taking  away  the 
equal  angles  GPAand  CAP,  and 
<pPK=-Cj?A  or  PpF't  conse- 
quently, pV—FF.  Therefore,  in 
the  right-angled  triangles  P  F6 
and  pF  G  there  are  two  sides 
equal,  and  the  included  angle  is  a 
right  angle ;  therefore,  the  hypo- 
thenuse  PG=j?G;  and,  foi'  the 
same  reason,  in  the  rightangled 
triangles  PFH  and  pFH,FH  = 
pH,  Lastly,  in  thetnanglesPHG 
and  p  II G,  all  the  sides  are  re- 
spectively equal ;  and,  therefore 
<  P  =  <  J?.    Hence, 

The  angle  made  by  two  circles 
on  the  sphere,  is  equal  to  the  angle 
made  by  the  radii  of  their  projec- 
tion at  the  ■  point  of  intersection. 
For  the  angle  made  by  two  circles 
on  a  plane,  is  the  same  with  that 
made  by  their  radii  drawn  to  the 
point  of  intersection. 

Prop.  5.  The  centre  of  a  lesser 
circle  projected,  perpendicular  to 
the  primitive,  is  in  the  line  of 
measures,  distant  from  the  centre 
of  the  primitive,  the  secant  of  the 
lesser  circle's  distance  from  its 
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own  pole,  and  its  radius  is  the  tan- 
gent of  that  distance. 

Let  A,  (fig.  4.)  be  the  projecting 
point,  EF  the  circle  to  be  project- 
ed, 6H  the  projected  diameter. 
From  the  centra  C  and  D  draw 
OF,  D F ;  and  the  triangles  C F I, 
D  F  I,  are  right-angled  at  I ;  then 
<IFC  =  <FCA=2<FEA.  or 
2<FEG=2<FHG  =  <FDG. 
Therefore,  IPC  +  IPD  =  FDG 
-{-  IPD  equal  a  right  angle;  that 
is,  CFD  is  a  right-angle,  and  the 
line  C  D  is  the  secant  of  B  F,  and 
the  radius  F  D  in  the  tangent  of  it. 
Hence,  if  these  circles  be  actually 
described,  it  is  plain  the  radius 
F  D  is  a  tangent  to  the  primitive  at 

F,  where  the  lesser  circle  cuts  it. 
Prop.  0.  The  centre  of  projec- 
tion of  a  great  circle  is  in  the  luie 
of  measures,  distant  from  the  cen- 
tre of  the  primitive  the  tangent  of 
its  inclination  to  the  primitive; 
and  its  radius  is  the  secant  of  its  ^ 
inclination. 

Let  A  (fig.  5.)  be  the  projecting 
point,  E  F  the  great  circle,  G  H  the 
projected  diameter,  D  the  centre, 
draw  DA.  The  angle  EAF  being 
in  a  semi-circle  is  a  right-angle, 
in  the  righ^angl•d  triangle  G  A  H, 
AC  is  perpendicular  to  GH;  there- 
fore, <GAC  =  AHC  and  their 
ciouble,  £CB  =  ADC,  and  their 
complements  EC  1  =  CAD.  There- 
fore,  CD  is  the  tangent i>f  EGC, 
and  the  radius  A  D  is  its  secant.        / 

Hence,  1.  If  the  great  oblique 
circle  A  G  B  H,  (fig.  6.)  be  actually 
described  upon  the  primitive  A  B, 
all  great  circles  passing   through 

G,  will  have  the  centre  of  their 
projection  in  the  line  RS,  drawn 
through  the  centre  D  perpendicu- 
lar to  the  line  of  measures  IH. 
For,  since  all  great  circles  cut  one 
another  at  the  distance  of  a  semi- 
circle, all  circles  passing  through 
G  m&st  cut  at  the  opposite  point  H ; 
and  therefore  their  centres  must 
be  in  the  line  RDS.  2.  Hence, 
also,  if  any  oblique  circle  GLH 
be  required  to  make  any  given 
angle  with  another  circle  B  G  A  H, 
it  will  be  projected  the  same  way, 
with  regard  to  G  A  H  considered 
as  a  primitive,  and  RS  its  line  of 
measures,  as  the  circle  B  G  A  is  on 
the  primitive  BIA,  and  line  of 
measures  ID;  and*  therefore^ tUA. 
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tangent  nf  the  ancle  A  GL.  to  the 
rHiliu5  G  D,  »ei  off  trvtn  V  to  N, 
gives  the  centre  of  ti  L.  Por  Uie 
<N6D  will  then  be  equal  to 
A  G  L,  by  Cor.  S,  Prop,  4 ;  and, 
therefore,  GLH  is  truly  projected. 
V.  B.    Of  all  great  circles  in   the 

f»rojecl*on,  the  primitive  is  the 
east;  for  the  radiasuf  any  oblique 
great  circle  being  the  secant  of  the 
inclination,  is  greater  than  the  ra- 
dius of  the  primitive ;  as  the  secant 
U  always  greater  than  the  primi- 
tive. 

Prop.  7.  Tlie  projected  extremi- 
ties ot  the  diameter  of  any  circle, 
(fig.  5.)  are  in  the  line  of  measures, 
distant  from  the  centre  of  the  pri- 
mitive  circle  the  semi-tangent  of 
its  nearest  and  greatest  distances 
from  ihe  pole  or  projection  oppo- 
site to  the  projecting  point. 

Por  the  diameter  of  the  circle 
EP,  (fig.  7.)  is  projected  intoGH 
from  the  projecting  point  A ;  but 
G  G  is  the  semi-tangent  of  B  E,  and 
C  H  the  semi-tangentof  B  P.  Hence, 
the  points  where  an  inclined  great 
circle  cuts  the  line  of  measures, 
within  and  without  the  primitive. 
Is  distant  from  the  centre  of  the 
primitive  the  tangent  and  co-tan- 
gent of  half  the  complement  of  the 
inclination  of  the  circle  to  the  pri- 
mitive. Por  C6  is  equal  to  the 
tangent  of  half  E  B,  or  of  half  the 
complement  of  I  E  the  inclination, 
and  because  the  <[  EAP  is  aright 
angle,  C  H  is  the  cu-tangenl  uf 
GAG,  or  half  E  B. 

Prop.  8.  The  projected  poles  of 
any  circle  are  in  tlie  line  of  men- 
sares  within  and  wiihuut  the  ))ri- 
niitive,  and  distant  from  its  centre 
the  tangent  and  co-tan^ent  of  half 
the  inclination  to  the  nrimilive. 

Por  the  poles,  Vp  {tig.  8.)  of  the 
circle  £  P,  are  prujeclcd  into  D 
and  df  and  CI)  is  the  tangent  of 
CAD,  or  half  BCP,  that  is,  of 
lialfGCI,  the  inclinHlion  of  the 
circle  I  C  K  parallel  to  E  P.  Like- 
wise, C(t  i&  tlie  tangent o(  CAd,  or 
the  co-tangent  of  CAD.  Hence, 
1.  The  pole  of  the  primitive  is  its 
centre,  and  the  pole  of  a  right 
circle  is  in  the  primitive.  2.  The 
projected  centre  of  any  circle  is 
ttlways  between  the  projected  pole 
neureit  to  it  on  the  sphere  and  the 
cvatre  of  the  primitive  *,  and  vVie 
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projected  centres  of  all  cffelSeB  lie 
between  the  projected  poles.    Wot 
the  mid'dle   pijint  uf  EF,  or  its 
centre,  is  projected  Into  S  ;  and  all 
the  points  in  Pp,  in  which  ard  all 
the  centres,  are  projected  into  Dif. 
3.  If  P,  (lig.  0.;  be   the   protected 
centre   of  any   circle   EFG,   ahy 
right  line  EG,  PH  passhig  thnmrlif 
P  will   intercept  eqUal   arcs  ^P; 
GH.     For,  in   any  circle   of  the 
sphere,     any    two    lines     passing 
through  the  centre  intercept  equal 
arcs,  and  these  are  projected   into 
right    lines    passing    through   the 
projected  centre  P,  and  tliorefure 
C  P,  G  H,  represent  eqnal  arcs. 
Prop.  9.  If  E  F  G  H,  c/gh  (lig.  9.) 
represent  two  equal  circles,  where-' 
of  BPG  is  as  far  distant  from  iti 
pole  P,  as  e'/g  is  from   the  pro- 
jecting point,  any  two  right   lines,- 
e  E  P  and  /PP  bein^drawn  through 
P,  will  intercept  equal  arcs  in  the 
representations  of  these  circles;  if 
P  falls  within  the  circles   on  the 
same  side ;  but  on  the  contrary  side 
if  without;  that  is,  EF^^ff,  and 
GR  =  gh.    For,  by  the   natnre  of 
the  section  of  a  sphere,  any  Vw6 
circles  passing  through  two  given' 
points,  or  poles,  on  the  surface  of 
the   sphere,   will   intercept  equal 
arcs  of  two  other  circles  equi-dis- 
tant  from  these  poles.     Therefore, 
the  circles  EFG  and  efg  on  the 
sphere,    are   equally  cut    by    the 
planes  of  any  two  circles   passing 
tlirough  the  projecting   point  and 
the  pole    P  on   the  sphere.     But 
these  ciccles,  by  Prop,  1,  are  pro- 
jected  into  the  right  lines  Pc  and 
Pf  passing  through  P ;    and    the 
intercepted  arcs  representing  equal 
arcs  on  the  sphere,  are    therefore 
equal;  that  is,  EF=  ef,  and  GH 
=^gh.    Hence, 

i;  If  a  circle  is  projected  into  a 
right  line  EF(fig.  10.)  perpendicu- 
lar to  the  line  of  measures  EG, 
and  if  from  th6  centre  C  a  circle 
efP  be  described  passing  through 
its  pole  P,  and  P/*be  drawn,  then 
th^  arc  ef=  EFj  and,  if  any 
other  circle  be  described,  the  x'er- 
tfx  of  which  is  P,  the  arc  ef\vi\\ 
always  be  equal  to  EP.  2.  Hence, 
also,  if  from  the  {xile  of  h  great 
circle  there  be  drawn  twu  right 
lines,  the  interce)>ied  arc  of  the 
^projected    great   circle    will     be 
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Untki-JmnSi  puia  P.  u  tb„ 
fitiier  k  from  thfl  JHileof  pnyflctJot 
«,  oppuiltr  Id  fhc  pnjHilHi  inlM 
Thwi  «iiT  cirels  ilniwH  UinHiBl' 
the  pomu  P  uid  C  will  Inltri^cui 
the  eq»1  ■rcEF=i/,  and  OH  = 
/*,  bciwHii  It  »n.l   the  line  oi 


Prop.  ID.  Ii'qh,  (fiq.i«.;N] 

it  ^^  rar  *n>n»  the  prnjeutinc  uoii 
u  Q  H  fr.>m  ,u  iwle  P,  Bnd  1.  Ihc^ 

■  h.Sh"''rh"'riillil''«re")4o"f'6l, 
■nd  DF  ..rPG,  P  taelng  Uie  c>nl« 


Far,  >inGc  N  K  and  H  L  (U*.  IS] 

PH,  tlierefort,<FLr=KRl.li; 
•>KI  =  G[Fi  ther-fore.  vLi.^  Iri- 
BiielHlIiLand  IliO  ire  •iiniKu' i 
whence  EL   :   BI=BI  ;  Ee. 


F  M  +  E L  ■  EM  — EL 

•£<;+  El)  _  EG  — KP 

lii.C)liBC  =  PO:EP.    Htnee, 
I.  ll  Ihe  circl*  K  N  be  u  far  fruui 

b"  Tu  "pn'i"  itir'i^i!.,  iheVwill 
KL:EM~ED:tG  =  OD:Oe. 


e'f  :  1> P=u'f':  Fo!"  ' 
Ihr  prinDi|ial  patia  of  tb 


till  revolution  ot  a  xn.i-elllpiiil 

n>^•lalian  o'r  Ihe  ejlipw  abuut-ili 

"'FKSpOBTiON.'iii  Matheaatla, 

It  au  equalUr  or  >linlli[iide  uf  r>. 


a  to  Uie  Id,  at  Uield  hao  tn  the 
via.  When  anjr  cquimBlU|ile« 

•lev  "'nf  the  «d  wid  %h°  i j^tl" 
Li|da  of  Iha  Uial  be  leu  than 
.  ur  the  Id,  the  nulLlple  ar  the 


ir>t  Iw  arHKr  than  iliat  of 
A,  Ihe  mulUpla  of  the  111  la 
,realer  thud  that  of  the  4th. 
[his  dcAiiltl'in  l9  leneial  iai 

a.  In  tlie  Tlh  bnok,  BncKd 

e^niiuulUtiln'if  the  1>1,  a>  ths 


ithU,  thai  rallahalonly  arela- 
I  Bi  iwd  qnanlltlea  of  ihs  same 
d.whrrvat  pra|H>rtinn  relatea  ta 


tclfnal,  alttnuti 
ratio  of  a  to  b  ii  eqqul 


eumpoiltlan  g  +  ^st  =  e+d:d 

iiieid,  *nd  hirmmlrkl. 
ArWimttlcal  FRsroKTIOii,  U  (he 

II,  a,  * )  wbue  Itat  dWcTin 


J/UtWMJfd/PHOI 


lilt  dMrcnuei:  betwren  Uic  SJ  and 

raii»«':S^S— *4  =  3:4— l'=l; 
Ileal  propuilHin,  making  1  +  A  =  1 

V,  iirtf  in  hiiiuianlcnl  |Muj>urtluii, 


^igli-li  auUiuIK,  iJiil  uiv  Ktwi. 
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rKOPOKTlOKAL,    nlutnf  U 
p«Rj.  jwrd,  teattt,  jijiiral,  Ac. 

icccitdinit  li>  the  lilMC  It  iioldi  h 
linnMl,  ■  Itinl.'jiurlh,  ttc.  ptopnc- 

iU  irim  »f  lliree  ciin'tinued  gn- 

n«ItlMJI^I.^«VLiOl..lfc       8e.M«K 

/SrtA  PanPoaiiOHaL,    It  Ihc 


le  wcuiid  mi  lUIrd  Icrnw  by  Uic 
"liird^  PioroHTioNaL.     la     Uw 

fkaliy  by  ill"  idlii(  the"  MgweTr 


Kcli 

-—J  =0,  or 

+  a,^o' 

.«].  !'+•*  + 

*•_ 

^  |=%'nr= 

vT 

T.(IIS  nmrly. 
PKOFOSltlON,  li>  Mallitmetki, 
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ASTori,  ir      ■ 


6P 


!■ 


; 


\ 


\ 


\ 


ar  ■  field  or  Mhir  fl(in.    Till 

blui,  or  nllier  (ulld  liiatlei,  th( 

iiii^fIj  dindnl  into  «u  hnndrad 
■nil  cl|lily  drfimi  It  httci  i^di 
<nily  to  draw  uiln  on  paiwr,  oi 

■  iicfll  of  llioie  airndv  laid  dotm. 


■Ulc,  Gompatino  on  tlic  protrtfior 
«ni    ibow  Ihe   nuntltjr  or    ibi 

"pulley,  tn  Meckmiilei,  oat  o 


Let  t  puwer  and  wrighl  P.  W, 
(Plate  pulley,  fie- 1.)  cijuBlio-rjoh 

flex'Seroiw  PD  W°i»1.tch  ja-t/s 
ovcrclie  fixed  pulley  A^Ufl^i^.|.en, 

third?re"ticlItDAP*"y  tl'e'po-"" 

weighi  In  ihe  direcLlon  DBW; 

cIclToth^l  ZtU  Henc"  L  C.m- 
vertely,  when  lUerf  i.  an  Muili- 
bnum,  '^"J^''*^"'^,j;j'^\|'^* 
Ji?"»l.'atevei'Ilir«iiHii  the  pn"^"" 


power  It  to  the  we^ht  as  1 

~alB.(ai[.c3JpUH 
■    P-lleyi,.... 


Mn«eS" 


•  Clt-' 


-TTtt. 

■n  eqaallr  itrelclied  in  cferjr 
point,  Iherrfore  (hey  •aiuUn  fl 
equally  between  them;  or  etch 
ntlalna  hal^  ih«  weight.  ALiOf 
wfiaMnr  weight  A3  ngtains,  It 
•ouatnii  therefore  P  i  W  =  1  :  «. 

wcliht  ■■  radini  to  twice  the  co- 
rina  or  the  nnEle.  which  either 

whic^  Uie  weight  act^  Lcl'lw! 
(fl|.  ■)  be  the  dlrcclu,,,  in  which 
"-'  '-cliM  atu ;  prudiice  B  I)  iJll 
eD  AW  in  C,  fmni  A  draw 
Ll  rlitht  annln  to  A  C,  meet- 
C  inD I  then, If  C II  be  takea 
. . .  .roenl  Ihe  power  u  P,  ur  Ilia 
power  which  acu  in  the  ilireetioa 
DB,  CA  will  repreioit  that  put  ot 
It  which  Defl'eGtIfe  In  loitainlnt 
the  weight,  and  A  D  will  be  cnnn- 
^eractcd  by  an  equal  and  nppotllo 

he.l'rineCEixVIo,  thelwo.lrinei 
•re  enually  elTecUve  in  tnitolninB 
hew<;Iihci  therefute.tAC  »ill 

■ined  ["conwqo^nlly,  P  :  4U  c"l> 
XAG  —  rad. :}'<»'-■>'' *  Itri«-i>. 
.  ir  Ihe  REBn 


Ac  prciliire  =  rodlui ;  »&«,  1>C  A. 
1.  When  the  tiriiigi  are  pinllel, 

hepow.r!  thepre»nre=l :!? 
paun  round  any  ti umber 

ihe  Iaw7r  block.    FigaHi  4  and  >. 

Since    the    piralfel    paru,    nr 

itrinn  at  the  lower  block,  are  In 

the  direcliun  In  whleh  the  wel||Itt 
— ,   they   euetly  tnppnrt    tba 


wel«hl:  whenea  it  follui 
-Ihiatt  af  Iheweigbti  lU 


wsmn 


m         •  aticai,  A.IID 

Piniiahi  inof  IhewFlgii 

or  P  :  W  =1:1..  He™. 


imrafirr  of  mweKble  iiulltyfc    In 
Ihe'fliHl  jio'll«yA,''(fiB-'o)«n<lnii- 


OCX. 
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(nlltl,  tho  ]»<»[ 


le  wduhl  aeu  (art.  1 


f  UMP,  Ml  hydrune  Fngfne  uicd 


uli^trt  (rem  ■  »ery  Mtly  dale 

tlicandtDl  Orc^or  Ronan^Mi 
bu  any  ihlog  appniximaaai  h 


LanslhB'b^i^ru'i..' 


P^Mey. 
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has  a  valve  at  some  convenient 
place,  as  near  as  possible  to  its 
junction  \rith  the  cylinder.  This 
valve  also  opens  upwards.  This 
pipe,  usually  called  the  rising  pipe 
or  main,  terminates  ai  the  place 
vrhere  the  water  must  be  delivered. 
Now  snppose  this  apparatus  set 
into  the  water,  so  that  the  upper 
end  of  the  cylinder  may  be  under 
or  even  with  the  sur^ce  of  the 
wdter;  the  water  will  open  the 
valve,  and  after  filling  the  barrel 
and  lateral  pipe,  will  also  open  the 
valve  in  the  lateral  pipe,  and  at 
last  stand  at  an  equal  height  within 
and  without.  Now  let  the  piston 
be  put  in  at  the  top  of  the  working 
barrel,  and  thrust  down.  It  will 
push,  the  water  before  it.  This 
will  shut  the  valve  at  the  bottom, 
and  the  water  will  make  its  way 
through  the  other  valve,  and  fill  a 
part  of  the  rising  pipe,  equal  to  the 
internal  capacity  of  the  working 
barrel.  When  this  downward  mo- 
tion of  the  piston  ceases,  the  side 
valve  will  fall  down  by  its  own 
weight  and  shuttliis  passage.  Now 
let  the  piston  be  drawn  up  again : 
the  side  valve  hinders  the  water 
in  the  rising  pipe  from  returning 
into  the  working  barrel.  But  now 
the  bottom  valve  is  opened  by  the 
pressure  of  the  external  water,  and 
the  water  enters  and  fills  the  cy- 
linder as  the  pision  rises.  When 
the  piston  has  got  to  the  top,  let  it 
be  thrust  down  again  :  the  bottom 
valve  will  again  be  shut,  and  the 
water  will  be  forced  through  the 
passage  at  the  side  valve,  and  rise 
along  the  main,  pushing  before  it 
the  water  already  there.  Repeat- 
ing this  ofieralion.  the  water  must 
at  last  arrive  at  tne  top,  however 
remote. 

Uftirig  Pomp.  The  simplest 
form  and  situation  of  the  lifting 
pump  has  one  valve  in  the  plunger, 
and  another  fixed  in  the  working 
barrel ;  and  both  of  these  open  up- 
wards. The  pump  is  immersed  in 
the  cistern  till  both  the  valve  and 
pision  are  under  the  siirfHce  of  the 
sunonnding  water.  By  this  means 
the  water  enters  the  pump,  open- 
ing both  valves,  and  finally  stands 
on  a  level  within  and  without. 

Now  draw  np  the  piston  to  tlie 
•urface.    It  must  lift  up  the  water 


which  is  above  ft,  because  the 
valve  in  the  piston  remains  shut 
by  its  own  weight.  In  the  mean 
time,  the  pressure  of  the  surround- 
ing water  forces  it  into  the  work- 
ing barrel,  through  the  fixed 
valve ;  and  the  barrel  is  now  filled 
witli  w^ter.  Now,  let  the  piston 
be  pushed  down  again  ;  the  fixed 
valve  immediately  shuts  by  its  own 
weight,  and  in  opposition  to  the 
endeavours  which  the  water  in 
the  barrel  makes  to  escape  this 
way.  This  attempt  to  compress 
the  water  in  the  barrel  causes  it  to 
open  the  valve  in  the  piston :  or 
rather,  this  valve  yields  to  our  en- 
deavour to  push  the  piston  down 
through  the  water  in  the  working 
barrel.  By  this  means  we  get  the 
piston  to  tiie  bottom  of  tiie  barrel ; 
and  it  has  now  above  it  the  whole 
pillar  of  water  reaching  in  the 
pump.  Drawing  up  the  piston  to 
the  surface  a  second  time,  must  lift 
this  double  column  'along  with  it, 
and  itfii  surface  now  will  be  higher. 
By  this  means  the  water  brought 
up  by  the  successive  strokes  of  the 
piston  rises  to  such  a  height  in 
this  cistern,  as  to  produce  an  efflux 
by  the  spout  ^aearly  equable. 

Sucking  Pump.  This  does  not 
difi'er  essentiallj'  from  the  lifting- 
pump  above  described,  except  that 
in  the  former  the  piston  is  sup- 
))osed  to  work  in  the  water  of  the' 
reservoir,  which  is  in  many  cases 
very  inconvenient  on  account  of 
the  length  of  the  rod  necessary 
for  such  a  construction.  In  the 
sucking  pump  therefore  the  piston 
is  sitnated  considerably  above  the 
surface,  and  in  most  cases  in  the 
very  body  of  the  pump,  if  this  is 
not  more  than  3*2  or  33  feet  above 
the  surface  of  the  water  in  the  well.- 

In  this  construction,  snp))ose  the 
piston  to  be  forced  down  ;  then  the 
elasticity  of  air  will  shot  the  fixed 
valVe  and  open  that  of  the  piston, 
and  a  certain  quantity  of  air  will 
escape.  Now,  let  the  piston  be 
drawn  up,  and  the  valve  in  it  will 
be  sluit,  and  the  air  in  the  barrel 
will  expand  itself  so  as  to  occupy 
the  whole  space;  but  its  elasticity 
being  thus  dinilnisned,  the  pri's. 
sure  of  the  external  atmosphere 
on  the  surface  of  the  wat^r  in  the 
I  well  will  open  the  fixed  v«An«^ 


P  Y  ft-— 0  V  A 


llalilply  the  perimeter  of  the  base 
by  the  slant  altitude  of  one  of  its 
faces,  and  half  the  product  will  be 
the  surface.  Or,  find  the  area  of 
une  of  its  triangular  ^aces,  and 
multiply  by  the  number  of  them, 
which  is  the  same  thine. 

Frustrum  of  a  Pyramid,  Is  tne 
solid  formed  by  cutting  olT  the  up- 
per part  of  a  pyramid  by  a  section 
parallel  to  its  base. 

To  find  the  SolldUy  and  Surface 
of  a  Frtistrum  of  a  Pyramid,  Let 
A  represent  the  area  of  the  greater 
end,  a  that  of  the  less,  and  h  its 
height  or  altitude ;  also  let  S  and  s 
represent  the  corresponding  sides 
of  the  two  ends,  and  p  the  tabular 


itumber,  answering  to  the  parties 
lar  figure  of  the  base ;  then, 

1.  Solidity  c=(A  -f^Aa  +  tf 

X  4  A 

2.  Solidity  =  (S«  +  S  J  -^  #«)  -h 

3.  Surface  =  (S   +  «)  X  n5 
where  n  is  the  nuiuber  of  sides,  and 
6  the  slant  height  of  the  frustrum. 

PYRAMIDAL  Numbers,  are  the 
same  as  are  otherwise  called  iiga> 
rate  numbers. 

PYHAMIDOID,  a  solid  resem- 
bling  the  pyramid.  , 

PYROMBTBR,  an  instrument  for 
measuring  the  expansion  of  bodies 
by  heat.  It  is  a  chemical,  qut  • 
mechanical  iusiramenU 


Q. 


QUADRANGLE,  a  figure  having 
four  angles,  and  consequently  four 
sides  ;  it  is  otherwise  called  a  qaa- 
dri  lateral. 

Quadrant,  in  Geometry, U  the4th 
part  of  a  circle,  being  bounded  by 
two  radii  perpiendicular  to  eacn 
other,  and  a  quarter  of  the  cir- 
cumference,  orOO*. 

Quadrant,  is  also  a  name  com- 
mou  to  several  mathematical  in- 
struments, used  for  measuring  al- 
titudes and  angular  distances, 
which  are  commonly  distinguished 
from  each  other,  either  by  the 
names  of  their  authors,  or  the  pur- 
poses they  are  intended  to  answer. 
Thus  we  have  Adams*St  Cole's,  Da- 
vis*s,  Gunter*Sf  Hadley's,  &c.  Qua- 
drants ;  as  also  the  Astronotnical, 
Surveying,  &c.  Quadrants. 

This  is  the  most  simple  form  of 
the  quadrant,  under  which  it  is  ne- 
cessarily subjected  to  very  consi- 
derable inaccuracies,  to  remedy 
which  a  variety  of  forms  have 
been  given  to  it  by  different  au- 
thors ;  but  that  of  Had  ley's  is  so 
decidedly  superior  to  any  other  of 
a  portable  kind,  that  we  shall  li- 
mit our  remarks  principtilly  to 
the  description  and  use  or  this  in- 
strument ;  and  a  slight  account  of 
the  astronomical  and  Gunter  qua- 
drants. 

The  Astronomical  Quadrant,  is 

a  large  one,  usually  made  9f  brass 

or  iron  bars ;  having  its  limb  nice- 

Iv  divided,  either  diagonally  or 
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otherwise,  into  degrees,  minutei|^ 
and  seconds,  if  room  will  permit, 
and  furnished  either  with  two  pair 
of  plain  sights  Or  two  telescopes^ 
one  on  the  side  of  the  qnadrant, 
and  the  other  moveable  about  the 
centre  by  means  of  the  screw* 
Dented  wheels  serve  to  direct  the 
instrument  to  any  object.  The 
application  of  this  useful  lustra* 
ment,  in  taking  observations  of  the 
sun,  planets,  and  fixed  stars,  is  ob> 
vions  }  for  being  tamed  faorizontat- 
ly  upon  its  axis,  by  means  of  tlie 
telescope,  till  the  object  is  seea 
through  the  moveable  telescope, 
then  the  degrees,  &c.  cut  by  tfae 
index,  give  the  alUldde,  &c.  xv* 
quired. 

Gunter*s  QuADRANt,  so  Called 
from  its  inventor,  Edmund  Gunter, 
beside  the  apparattls  of  other  qua- 
drants, lias  a  stereographic  projec- 
tion of  the  sphet-e  on  the  plane  of 
the  e<]|ninoctial ;  and  also  a  calen* 
dar  ot  the  months,  next  to  the  di- 
visions of  the  limb ;  by  which,  be* 
side  the  common  purposes  of  other 
quadrants,  several  useftil  questions 
in  astronomy,  &c.  are  easily  re- 
duced.   . 

Badley's  Quadrant,  \%  thns 
named  after  its  inventJor,  Joltn 
Ha<lley,  Esq.  and  is  now  ttHJiversal>* 
ly  used  as  by  far  the  best  dC  any 
for  nautical  and  otiter  observations, 
where  a  port9.ble  iflstruntent  is  re- 
quired. 
It  seems  the  first  idea- of  this  cx^ 
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cellent  instruinent  was  saggetted 
by  Dr.  Hook  ;  for  Dr.  Snrat,  in  his 
Hiittory  of  the  Royal  Society*  p. 
9Mt  DicntionH  the  invention  of  a  new 
instrument  for  taking  angles  by  re- 
flection, by  which  means  the  eye 
at  once  sees  the  two  objects  both 
as  toaching  the  same  point,  though 
distant  almost  a  semi-circle;  which 
Is  of  great  use  for  making  exact 
observations  at  sea. 

This  instrument  is  described  and 
illustrated  by  a  figure  in  Hook's 
Posthumous  works,  p.  502.  But,  as 
it  admitted  of  only  one  reflection,  it 
would  not  answer  the  purpose.  The 
■natter,  however,  was  at  last  effecu 
ed  by  Sir  Isaac  Newton,  who  com* 
municated  to  Dr.  Halley  a  paper  of 
his  own  writing,  containing  a  de- 
scription  of  an  instrument  with  two 
reflections,  which  soon  after  the 
doctoi's  death  was  found  among 
his  papers  by  Mr.  Jones,  by  whom 
it  was  communicated  to  the  Royal 
Society,  and  it  was  published  in 
the  Phil.  Trans,  for  the  year  1742. 
See  also  Abridg.  vol.  viii.  p.  129. 
How  it  happened  that  Dr.  Halley 
(lever  mentioned  this  in  his  life- 
time  is  difficult  to  say ;  more  espe- 
cially as  Mr.  Hadley  had  describ- 
ed his  instrument  in  the  Trans,  for 
1731,  which  is  constructed  on  the 
same  principles.  See  also  Abr. 
vol.  vi.  p.  130,  Mr.  Hadley,  who 
was  well  acquainted  with  Sir 
Isaac  Newton,  might  have  heard 
him  say,  that  Dr.  Hook's  proposal 
could  be  effected  by  means  of  a 
double  reflection  ;  and  perhaps  in 
consequence  of  this  hint,  he  might 
apply  himself,  without  any  pre- 
vious knowledge  of  what  Newton 
had  actually  done,  to  the  construc- 
tion of  this  instrument.  Mr.  God- 
frey too,  of  Pennsylvania,  had  re- 
course to  a  similar  expedient ;  for 
which  reason  some  gentlemen  of 
that  colony  have  ascribed  the  in- 
vention of  this  excellent  instru- 
ment to  him.  The  truth  may  pro- 
bably be,  that  each  of  these  gen- 
tlemen discovered  the  method 
independent  of  one  another.  See 
Abr.  Phil.  Trans,  vol.  viii.  p.  366  ; 
alsoTrans.of  the  American  Society, 
vol.  t.  p.  21 ;  Appendix,  Hutton's 
Dictionary. 

This  instrumeuX  CQti%\&\a  o{  the 
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fnllowlna  partienlars; — 1.  An  oe 
tant,  or  the  eightli  part  of  a  circle. 
3.  Ail  Index.  3.  The  speculum.  4. 
Two  horizontal  glasses.  5.  Two 
screens,  and  0.  Two  sight-vanes. 

The  octant  consists  of  two  radii, 
strengthened  by  the  braces,  and 
the  arch  ;  which,  though  contain- 
ing only  45**,  is  nevertheless  di- 
vided into  00  primary  divisions, 
each  of  which  stands  for  a  degree, 
and  are  numbered  0, 10,  SO,  39,  tec. 
to  SO ;  beginning  at  each  end  of  the 
arch  for  the  convenience  of  num- 
bering both  ways,  either  for  alti- 
tudes or  zenith  distances:  also 
each  degree  is  subdivided  into  mi- 
nutes, by  means  of  a  vernier.  Bot 
the  number ofthese  divisions  varies 
with  the  size  of  the  instrument. 

The  index  is  a  flat  bar,  moveable 
about  the  centre  of  the  instrument ; 
and  that  part  of  It  which  slides 
over  the  graduated  arcii  is  open 
in  the  middle,  with  a  Vernier 
scale  on  the  lower  part  of  it,  under 
which  is  a  screw  serving  to  fasten 
it,  perpendicular  to  the  plane  of 
the  instrument,  the  middle  part  of 
the  former  coincidinip  with  the 
centre  of  the  latter  ;  and  becanse 
the  speculum  is  fixed  to  the  index, 
the  position  of  it  will  be  altered 
by  moving  the  index  along  the 
arch.  The  image  of  an  observed 
object  is  received  on  the  specnlnn, 
and  from  thence  reflected,  on  one 
of  the  horizon-glasses ;  which  are 
two  small  pieces  of  looking-glass 
placed  on  one  of  the  limbs,  their 
faces  being  turned  obliquely  to 
the  speculum,  from  which  they 
receive  the  reflected  images  of 
objects.  One  of  these  glasses  has 
only  its  lower  part  silvered,  and 
set  m  brass-work  ;  the  upper  part 
being  left  transparent  to  view  the 
horizon.  The  other  glass  basin  its 
middle  a  transparent  slit,  through 
which  the  horizon  is  to  be  seen. 
And  because  the  warping  of  the 
materials,  and  other  accidents, 
may  distend  them  from  their  true 
situation,  there  are  three  screws 
passing  through  their  feet,  by  which 
they  may  be  easily  replaced. 

The  screens  are  two  pieces  of 
coloured  glass,  set  in  two  square 
brass  frames,  and  which  serve  to 
take  off  the  glare  of  the  sun's  n^i, 
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of  th«  san's  rasrs,  let  either  one, 
or  both,  or  neither  of  the  frames 
of  those  glasses,  be  tamed  close  to 
the  face  of  the  limb ;  hold  the  in- 
■trnment  in  a  vertical  position  with 
the  arch  downward,  by  the  braces, 
with  the  left  hand ;  turn  yoar  back 
to  the  sun,  and  put  one  eye  close 
to  the  hole  in  the  vane,  observing 
the  horizon  through  the  trauspa- 
rent  slit  in  the  horizon-glass ;  with 
the  right  hand  move  the  index, 
till  the  reflected  image  of  the  sun 
be  seen  in  the  silvered  part  of  the 
glass,  and  in  a  right  line  with  the 
horizon ;  swing  the  instrument  to 
and  fro,  and  if  the  observation  be 
well  made,  the  sun's  image  will  be 
observed  to  brush  the  horizon, 
and  the  degrees  reckoned  from 
that  part  of  the  arch  farthest  from 


yonr  body,  will  'give  the  sun's  tl* 
titude  at  the  time  of  observation; 
observing  to  add  W  for  the  san'i 
seniidianieter,  if  the  sun's  apper 
edge  be  used,  and  subtract  the 
same  for  the  lower  edge. 

Two  corrections  are  necessary  to 
be  made  before  the  altitude  can  be 
accurately  determined,  vis.  one 
on  account  of  the  observer's  eye 
being  raised  above  the  level  of  the 
sea,  and  the  other  on  account  of 
the  refraction  of  the  atmosphere, 
especially  in  small  altitudes. 

The  following  tables,  therefore, 
show  the  corrections  to  l>e  made 
on  both  these  accounts ;  the  first 
referring  to  the  dip  of  the  hori- 
zon, and  the  other  to  tlie  refrac- 
tion in  altitude* 


Dip  of  the  Horizon. 


Height  of  IM     ^in 
Eye  in  feet,      "'P- 

keight  of  tlie 
Eye  in  feet. 

Dip. 

Heigbt  of  the 
Eye  in  feet. 

Dip. 

1 

W   67" 

12 

3'    18" 

S5 

5/   TV 

2 

1     21 

14 

3    24 

40 

6      S 

3 

1     39 

10 

3     47 

45 

6    84 

4 

1     55 

J8 

4      3 

50 

6    44 

6 

2      8 

20 

4     16 

60 

7    S3 

6 

2    20 

22 

4    S8 

70 

7    90 

7 

2    31 

24 

4    40 

80 

8    32 

8 

2    4-i 

26 

4    52 

00 

0      3 

9 

2    62 

28 

5      3 

100 

or   33 

10 

3       1 

30 

5     14 

!    1 

Refraction  in  Altitude. 


App.  All. 
ill  de^. 

Refraction. 

App.  Ait. 
in  licg. 

Refraction. 

App.   Ait. 
in  deg. 

Refraction. 

0 

33'     0'/ 

8 

01   29" 

40 

1/      8'/ 

i 

30    35 

9 

5    48 

,45 

0     57 

28    22 

10 

5     15 

50 

0     48 

1 

24     29 

11 

4    47 

55 

0     48 

2 

18    35 

12 

4    23 

60 

0     38 

3 

14    36 

15 

3    30 

65 

O     28 

4 

11     51 

20 

2    35  ' 

70 

0     21 

.'; 

9    54 

25 

2      2 

75 

0     18 

1       " 

8    29 

30 

1     33 

80 

O     10 

1 ' 

7    20 

35 

1     21 

85 

0       8 

1.  In  the  fore  observations,  add 
he  sum  of  b(^lh  corieciions  lo  the 
•bserred  zenilh  distance,  lor  v\\e 
rue  zenith   distance  •,  or   auUta-cx 
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the  said  sum  from  the  observed  al- 
titude, for  the  true  one.     2.   In  the 
\a(Xck  observation,  add  the  dip  and 
%xiAa.\«a\.  \X\<t  \tiw:.\i!Ciiv»  for  aiti- 
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tudes ;  and  for  aenith  distances, 
the  contrary,  vix,  subtract  the  dip, 
and  add  the  refraction. 

Exam.  By  a  back  observation, 
'the  altitude  of  the  Bun*s  lower  edge 
was  found  by  Hadley's  quadrant 
to  be  25<*  121 ;  the  eye  being  SO  feet 
above  the  horizon.  Bv  the  tables, 
the  dip  on  30  feet  is  5/  14'^  and  the 
refraction  on  2SP 12/  is  2/ 1".   Hence 

Apparent  alt.  lower 
limb 

Sun's  semi-diameter, 
sub. 


25«  12/    0'/ 
0    16    0 


Appar.  alt.  of  centre      24**  50    0 
Dip  of  horizon,  add        0     6  14 


Refnction  subtract 


25      1  14 
0      2    1 


True  alt.  of  centre        24   59  13 


In  case  of  the  moon,  besides  the 
two  corrections  above,  another  is 
to  be  made  for  her  parallax.  But 
for  all  these  particulars  there  are 
requisite  tables  in  the  Nautical 
Almanack  ;  and  also  in  the  com- 
xnon  books  on  Navigation. 

QoAoaANT  o(  Altitude,  is  a  thin 
piece  of  metal,  in  general  applied 
to  a  globe,  and  marked  with  the 
degrees,  from  0  to  90 :  when  fixed 
on  the  zenith,  it  shows  either  the 
altitude  or  zenith  distance  of  any 
point  on  the  globe.  It  is  also  used 
as  a  measure  of  dietances  generally. 

QUADRANTAL  Triangle^  a  sphe- 
rical triangle,  having  a  quadrant 
or  an  arc  of  00"  for  one  of  its  sides. 

QUADRATIC  Equation,  in  Alge- 
brop  is  an  equation,  in  which  ttie 
highest  power  of  the  unknown 
quantity  is  of  the  second  degree. 
If  this  power  enters  alone  it  is 
called  a  simple  quadratic,  and 
when  the  second  power  and  sim- 
pie  quantity  both  occur,  it  is  term- 
ed an  adjected  quadratic  equation. 

The  solution  of  a  simple  quadra- 
tic, is  performed  by  the  same  rules 
as  are  given  under  simple  equa- 
tions. And  the  solution  of  the  other 
class  of  quadratics  depends  upon 
the  following  principles. 

Every  quadratic  equation  when 
properly  reduced,  falls  under  one 
or  other  of  tlie  following  forms, 
pi».i 


Ist 


Ista^  +  flx  —  ft  =  C 
2d««  —  aar— 6  =  0 
3d  a«—  fla?  +  6  =  0 

And  the  roots  of  these  will  be 
expressed  by  the  following  for. 
mulae: 

»ax=     f±v(f-0 

In  each  of  which  formulae  x  has 
two  values,  arising  out  of  the  am- 
biguous sign  ±,  which  is  agreeable 
to  what  is  stated  under  equations; 
viz*  that  every  equation  has  as 
many  roots  as  there  are  units  in  its 
highest  power,  which  in  the  pre- 
sent case  is  two. 

These  formulae  may  be  all  includ- 
ed in  one  rule,  as  follows;  viz.  hav- 
ing reduced  an  equation  to  either  of 
the  above  forms,  transpose  the  ab- 
solute quantity  6,  to  the  right-hand 
side  of  the  equation,  then  the  va- 
lues of  the  unknown  quantity  are 
equal  to  half  the  co-efficient  of 
the  second  term  with  its  sign 
changed ;  plus  and  minus ;  the 
square  root  of  the  square  of  that 
half  CO- efficient,  prefixed  to  b,  with 
its  proper  sign  whether  plus  or 
minus. 

It  is  evident  in  form.  3,  that 

<^ 
when  b  is  greater  than  -^  both  th^ 

4 

values  of  x  are  imaginary^  or  im- 
possible. 

The  principles  on  which  the  pre- 
ceding formulae  are  obtained  are 
these,  that  (ar  ±  4  a)*  =  «*  i  «  a? + 
\  a'^ ;  therefore,  if  an  equation  be 
proposed  under  the  form  afi  +  ax 
=  ±  * ;  hy  adding  J  a*^,  to  both 
sides,  we  have 

af'±aar  +  i<^  =  Ja«±6 
By  extracting  the  roots 

x±ha±s/ikai±b) 
By  transpoRiiion 

ar  =  ±i«±v^(ia±& 
which  includes  all  the  toregoing 
forms. 

Quadratic  Equations^  may  also 
be  solved  by  means  of  a  table  of 
sines  and  tangents. 

QUADRATRiX,  or   Quodratk^, 
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is  a  quadrant,  or  oe°  distant  from 
the  sun. 

QuADRATURK,  in  Geometry,  is 
the  finding  a  square  equal  in  area 
to  another  figure,  or  in  olher  words, 
finding  the  areas  of  plane  surfaces. 

This,  so  far  as  it  relates  to  recti- 
linear figures,  is  extremely  simple, 
as  these  may  all  be  reduced  to  tri- 
angles ;  the  sum  of  tUe  area  of 
which  will  be  the  wliole  aiea  re- 
quired. 

But  the  quadrature  of  curves  is 
a  subject  of  much  more  profound 
investigation,  oi'  which  ttie  ancients 
had  very  little  knowledge;  this 
being  a  branch  of  geometry  which 
we  owe  almost  entirely  to  the  mo- 
derns, and  particularly  to  the  in- 
vention oi  the  tluxiunul  or  differ- 
ential  calculus. 

The  first  curvilinear  space,  whose 
quadrature  was  correctly  ascer- 
tained, was  the  lune  of  Hippocrates, 
after  which  we  hear  of  no  other 
till  Archimedes  found  the  area  of 
the  parabola;  which  is  ttie  only 
curve  whose  quadrature  he  was 
able  to  find,  though  he  showed  the 
relation  of  (i liferent  ■  curves  sur- 
faces to  each  olher,  particularly 
of  hihkpirals  lo  their  circnmscribed 
circles,  as  he  did  the  ratio  of  the 
surface  of  a  sphere  to  the  area  of 
a  great  circle  of  the  same,  &c.  He 
also,  by  themethod  of  exhaustions, 
gave  some  neat  approximations, 
both  for  the  circle  and  some  other 
figures,  but  the  general  quadrature 
of  curves  required  a  much  more 
profound  analysis  than  any  that 
was  known  to  the  ancients. 

The  quadrature  of  the  circle,  in 
particular,  js  a  problem  which  has 
engaged  the  attention  of  mathema- 
ticians from  the  earliest  period  to 
the  present  time,  though  it  is  now 
generally  considered  to  be  impos- 
sible, and  i»,  perhaps,  but  seldom 
attempted,  except  by  novices  who 
are  not  suiliciently  acquainted  with 
the  ditliculty  and  the  almost  infi- 
nite number  of  ways  in  which  it 
lias  been  attempted,  of  which  an 
entertaining  and  instructive  ac- 
count is  given  by  Montucla  in  vol. 
iv.  of  his  '*Histoire  des  Mathema- 
tiques,"  and  in  his  edition  of  the 
*'  Mathematical  Recreations,"  by 
Ozanam,  of  which  an  English 
translation  has  been  given  by  I)r. 
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Hutton  ;  to  which  work  the  reader 
is»referred,  as  our  limits  will  not 
admit  of  any  detail  of  them  in  this 
place.  '  . 

It  does  not  appear  tliat  the  qua- 
drature  of  any  curve,  beside  those 
mentioned  above,  had  been  found- 
so  late  as  the  beginning  of  the  17th 
century,  but  soon  after  we  have 
accounts  of  the  partial  quadrature 
of  several,  viz.  first  by  Lord 
Brouncker  and  Sir  Christopher 
Wren,  and  afterwards  by  a  few 
other  mathematicians.  In  IOCS, 
Newton  discovered  a  method 
which  would  apply  generally  to 
all  quadrable  curves,  though  he 
did  not  then  publish  it,  and  the 
first  that  appeared  in  any  analy- 
tical form  was  given  by  Mercator 
in  1GS8,  which  was  a  demonstration 
of  Brouncker's  quadrature  of  th.e 
hyperbola  by  Dr.  Wallis's  method 
of  converting  algebraical  fractions 
into  infinite  series. 

Huygens  and  Wren  both  disco- 
vered the  quadrature  of  certain 
cycloidal  spaces,  and  had  some 
controversy  concerning  the  prior 
ity  of  the  method.  Leibnitz  after- 
wards   succeeded  in  finding    the 

Quadrature  of  another  curve,  and 
.  Bernouilli,  in  'ttdO,  discovered 
the  quadrature  of  an  infinity  ol 
cycloidal  spaces,  both  circles  and 
sectors.  But  all  these  partial  me- 
thods were  now  supec3eded  by  the 
important  discovery  of  the  method 
of  fluxions,  which  rendered  every 
problem  of  this  kind  extremely 
simple  and  complete,  at  least  in 
those  cases  where  any  finite  qua- 
drature was  obtainable  ;  and  in 
others  the^  were  expressed  with 
nearly  the  same  ease,  though  not 
so  simply,  Jby  ineans  of  infinite 
series. 

QuADRATUAX  jby  Fluxions.  Let 
AM  (fig.  2,)  represent  any  curve, 
and  let  its  axis  be  A  P ;  and  su|i- 
pose  P  M  an  ordinate  to  the  point 
M ;  to  find  the  quadrature  of  the 
space  AMP,  draw  another  ordi- 
nate mp,  and  the  line  Mr  parallel 
toPp,-  we  shall  then  have  the 
surface  of  the  space  Mmj?  P  = 
MPx  Pj?4-Mmr.  Conceive  now 
that  the  point  m  approaches  to- 
wards the  point  M,  it  is  obvious 
that  the  triangle  Mmr  will  dimi- 
nish more  and  more,  but  it  will 
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frat  become  sero ,  till  the  point  m 
MIb  npon  the  point  M ;  then  Mmp 
P  will  become  the  dnxion  of  the 

«pace  AMP;  Fp  will  be  x,  and 

we  shall  have  Jlux  (A  M  P)  =  y  «, 

and  consequently  AMP  =/pz  +  C, 
which  by  Art.  ?4 

=  C  +  x|f :-        r- 

ix         2.3.x« 


WW 


+  &C. 


S.3.4xS 

Therefore,  also  the  space  A  Q  M 

«y 

J^   -&c. 

JSv.  I.  Let  the  circular  arc  QMB, 
(fig.  3^  be  A  quadrant,  described 
from  the  centre  A,  and  with  the 
radius    a ;    we    shall    have    y  = 

1^ aa — xXt  and  the  space  AQMP 
=y*i  Vao  — arar-f  CssC  +  aar- 
Jt*  1  a^»  1.3*' 


2.4.6.700 
1.3.5.7 

2. 4.  ({.8. 10* 


S.3a       S.4.5» 
1.3.S        gO 

S.4.Q.8*0<^  "" 

*"         it, 

■  —  OECa 

11  <|9 

Make  x  =  o,  and  we  shall  have 
A  Q  M  P  =  0,  and  consequently 
C  =  o. 

Therefore  AQMP  =  ax—^. 

«8 I      x&     1.3     x' 

8a      2.4  5a»  2.4.6  7a5 

ft 
JEr.  2.  In  the  ellipse  y  =  —  v^ 

.    .         6 
(aa'-xx).    Therefore / y «•  =  ■ — 

x^  1  X* 


jSr.  3.  In  the  parabola  y  x  =  p  ^ 

x^  X,  and/yx  =  »;>4*?  =  §  xy, 
or  ilie  space  A  P  M  {fig.  4,)  is  two- 
thirds  of  the  circumscribed  rectan- 
gle. The  equation  which  compre- 
hends parabolas  of  all  degrees  is 
fftn^zxn  (gn. — n ;  therefore  mly  = 

nfx-i-ini—n)  I  a,  consequenUv 
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m  V  __   nx 

i  '     .       .,  , 

or  m:n=wxixisszfffgifx»s 
AMP:AMQ. 

From  which  it  follows  that  the 
space  A  M  P  is  to  the  circnniscribcd . 
rectangle  APMQ  =  m:iis-^«i. 

Ex,  4.  In  the  equilateral  hjrper- 
bola  (fig.' 5,)  xf  =  aa,  andyx  = 

,    Conseqnentlyyy :r  =  aa<« 

X 

-f-*C.  If  we  wish  to  connpote  the 
spaces  from  the  vertex  A,  when 
x=iO,  the  space  =  o.  Tbereforr  C 
=i—aalo,  and  the  space -Q'APMN 
=zaa  ix  —  aalx — aalo=cB. 

If  x  =  AD,  then  Q'ADBN  = 
a  a  la  —  a  a  i  oj  cuiisequently 
BDPMs=  aa  Ix  —  aa  la  ■=  a§ 

a 

The  following  is  the  doctrine  of 
Quadrature  according  to  the  differ- 
ential method.  Let  «  be  the  miea 
of  a  curved  plane  AP  MB  (plate 
vi.  fiff*  1) ;  of  the  abscissa  A  P=ar 
and  A  P  =  x  +  A,  the  area  «  is  re- 
quired. 

The  area  ABM'P=  *+ i^A-f 

dx 

■ma  .   JLQ 

-f  &c. ;  and  hence  we  shall 

have  the  mixtilineararea  P  M  M'P 

ds  ,    ,   rf^*A'  ,    .        ..    . 
=  d^*^d^2'^**^-'****"^ 
lies  between  the   two  rectangles 
P  W  and  P/  M,  hence  it  is  easy  to 
have  the  analytical  expressions, 

P  M/  =  P'  M/  X  P  P/  =/(«  +  A)*; 
and 

P/M  =  PM  xPP'=/a:.*. 
the   ratio   of  these    rectangles  is 

J  X .h  J  X 

case  of  the  limit,  the  ratio  is  re 

f  X 
ducedto-r—  •*=  1. 
J  * 
But  the  niixtilinear  surface  FX 
M/  P  lies  between  the   two   rec^ 
angles,  differing  less  from  the  rect> 
angle  P'  M  than  from  P/  VU  ;  hence, 

PM' 

if  in  the  case  of  the  limit  — — -  =1, 

if'  fli 

much  more  will  1  be  the  limit  of 


Q  ir  A— <J  u  ▲ 


area         PMM/P/ 
rectangle         F/  M 


wbstiiDting  (or  these  terms  Iheir 
analytical  expressions,  we  shall 
have  '  ^    , 

d^^+T^"^'      dx'^daf'2 


fx»  h 
Passing  to  the 


fx 
limit  and  making 
ds 

A  =  0,  we  shall  find  - — rr  ~  1,  ©r 
'  ax  .jx 

ds^fx.dx;  and  by  patting  for 
fx  its  value,  we  shall  have  ds  = 
y  dx» 

We  can  also  determine  the  dif- 
ferential of  the  area  of  a  curve, 
by  the  method  of  infinitesimals  in 
tlie  following  manner  (fig.  %)• 

The    trapezium    PMM/P/  = 
PM-fPM/^„^      y^-Jy-^-dy) 
5 Xl'i'*  5 

.   dxdy . 
Xdx^ydx^--—-'^  rejectmg 

* 

dxdy  as  an  infinitesimal  of  the 
second  degree,  there  remains  ydx 
for  the  ditferential. 

For  the  first  application,  required 
the  area  of  a  portion  BMP  (fig>  8) 
of  a  parabola.  Let  i^=  mx  be  the 
equiiiion  of  that  parabola,  of  which 
the  origin  is  B ;  we  find,  by  differ- 
entiating   that    %  y  d  y  =  mdxi 

hence  d  ar  =  -^  d  y;  and  consc- 
m 

quently  y  d  i  »  -2-  d  y.  Integrat- 

ing  we  bave/-^  d  y  =  j^  +  C. 

For  determining  the  constant 
quantity  C,  observe  that  when  y  ^ 
0,  the  iniegral  which  expresses 
the  surface  sought  is  o  at  the  same 
time.  That  hypothesis  reduces 
the  equation  to  o  =  o  +  C  ;  hence 
*  y*      2  y        ^  2  y 

We  have  now  some  important  ob' 
servations  to  make  on  the  deter 
mining  of  the  constant  quantity  ; 
for  which  we  shall  resolve  the 
same  problem,  and  take  the  para- 
bola  whose  equation  is  y^  =  m  -f 

The  origin  of  the  abtcis8»  here 
4oa 


is  not  at  the  rertex  of  the  curve ; 
for  on  making  y  =  o,  the  equation 

gives  X  =^—      f  and  as  that  ab- 

n 
scissa  terminates  at   the  point  B 

•  ^^ 
(fig.  4),  or  y  =  o,  wc  carry  -  from 

B  to  A,  and  the  point  A  is  the  ori- 
gin. That  being  done,  and  .pro- 
ceeding as  above,  we  find 

2y« 
2y(2y=:Mdlar/hencey  d«  = 

2yS       _, 

dy  and /*yda:= H  C. 

For  determining  the  constant 
quantitv,  observe  that  the  surface 
A  D  M  i*,  which  here  represents 
the  integral,  becomes  o  when  the 
ordinate  MP  coincides  with  AD; 
now,  AD  being  the  ordinate  which 
passes  through  the  origin  where 
the  abscissa  a:  =  o,  the  equation 
we  have  given,  upon  that  hypo- 
thesis  y   or   D  A  =  y/  m.     Then 

making  sydx  =  o,  and  y=  ,^  m, 
these  values  reduce  the  equation 

to  o  = 1-  C ;  from  which  we 


findC 


2  ml 


3» 
ly  the  integral  sought  is 

2y9      2  m* 
ydx=-^ 


;  andconsequeut> 


area 


ADMP. 

In  the  above,  we  hare  drawn 
into  the  equation  of  the  carve  the 
value  of  dx,  by  substituting  in  the 
formula  ydx  and  integrating  after- 
wards. We  shall  now  proceed 
differently,  and  place  in  that  equa- 
tion the  value  of  y  rather  than  that 
ofdx;  because,  for  obtaining  the 
integral,  it  is  sufficient  that  the 
proposed  differential  does  not  con- 
tain more  than  one  variable  quan- 
tity ;  therefore,  we  may  adopt  the 
substitution  which  requires  the 
least  calculation. 

An  integral,  such  &iffx»dx 
can  always  represent  the  area  of  a 
curve  of  which  the  equation  shall 
be  y  =fx.  In  fact,  that  equation 
being  given,  if  we  substitute  liie 
value  of  y  in  the  formula yy  d  «» 
wc   shall   kavc/fx.dx  tox  >Njfc 
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^.      We   afUrwudi    uki 


hnveobulncd  fXdx^Fi  +  c. 


If,  1^  >  bypollmli,  we  delcr- 


fi*«.  In  Unit  cue,  oi^Fa  +  Ci 
li«iee,0  =  — Fa,  and  Lhe  ngun- 
Udk  beccmn /X<Ii  =  Pi— to. 
Tlut  InietnlPz  — F«  ii  then  ■ 
parUeolu-  inu(nl;   and  ii 


We  arrive  bIw  at  Ibu 


luleaml,  and  se  liave  - 


and  Uie  indefinite  lliniL  »!-,  n 

0|ienULin  by  which  wn  4<-'U^i - 

a  panicniar  LiilEnial  li  'llie  bsiiif 

}nU■6fal^™u.*^h".""T^B°  >™m''.l 
limit  ali4li  be  mvarinMe,  'f  wc 

~    '   fy'a'x  =  vl'-   Fn, 

and  till  lurtacc  B  1)  M  T  >bal1  U 


— — -  +  C  =0,  wii  llie  vMVi' 


!«,«  the  .r»   ABC  =^^-1 

■  X  aJ^  =  Y^.     It  in  the  forniula 

fiiii  ilic  eqoallHi^of  the  c'clJ^we 
Ikd  /rijV"'— r*  for  tlie  e»pr«. 


1  >.  wnovHi«Q  of  ilie  twa 


xprFHiDns  we  deduce  this  prcipdl'- 


QUADBIUTERAL.  ■  fiev^  ■> 

niElf>.ui"l«rwliich  general  leroi 

iicluiied  Ihe  RicTiHOu.SqEis 

ilHOUIl...    RHOMBaiD,    i'..AI.b 

ALI  qowJtlUl«ral.  b.Te  ibe  fo 

their  ^nr  HEle>  fa  eqoaj  In  Iw 

litlil  ■»■!«;  luii)  >r  Ihe  >Dm  t 

wb  pair  of  oppo«W  uiglu  b 

Diay  be  inKribed  In  ■  circle,  DlUe 

u>eleg  of  Ihe  oppotile  ndei  it  eqn 

o  ihe  THUDBle  of  Ihe  two  d1 

QDADBILUOM,   ueordlnE 

Ibrep  tlmei  the  duCancer  U  but  a 

QUANTITY,  any  thing  capable 

rhicli,  beins  Gompued  wUh  uhi- 
>er  thine  of  the  uiAeki«d,may 

iCe™Hj  ornncqu*!  W  '■-    "»'!■•- 
r  pirtl  !•  oipable  of  befa>e  made 

'qusDlity.  ^eB^ll  is  that  any 
A  quanllty  which  li  to  be  added 

tiiiEi  at  dil^renl  denouliieticHH, 
or  repreuntcd  by  a  dUereut  letter 

or  leiteit,  an  uld  to  be  unlike  or 

inipaund  qnontity ;  whereai  that 
mulling  or  one  term  only  Is  de- 


QtlAMTY,  la   deAned   by 
Locke,  to  be  the  power  in  ■  .    . 
jtet  of  prodncinf  any  kien  in  Ihe 

powers,  as  they  are  In  the 

Eeal,  cold,Ddoar,ftc.  ha^  i\^ 
in'ihi  d'uplieile   rnlin   '."I'l 

or  a  hut  body,  the  weiEhi,  or  i*i\\t, 
or  beai,  ■  bill  a  Ctturih  paii,  uidj  " 


twill  be  four  times  at  great.  This 
laanllty  of  natter  ia  l>Mt  dlieo- 
'erablD  by  the  abKliie  weight  of 


body  is  Itae  faeiom  of  tli 
s'f™ll"  joint ' 
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also,  the  quantity  of  molion  will 
be  quadruple.  Hence  the  qaantity 
of  motion  is  the  same  witli  what 
we  cad  nioinentnm  or  impetus  of 
a  inovin|i^  body. 

QUART,  an  RnRlish  measare  of 
capHcivy,  being  the  fourth  part  of 
a  gallon. 

QUARTER,  the  fourth  part  of  a 
thiiiR. 

QoARrta,  in  Weight,  is  equal  to 
CSlbs.  or  the  fourth  part  of  a  hun- 
dred weight. 

Quarter, in  Measure, is 8  bushels 


com  measure,  and  in  coal  mestore 
it  is  the  fourth  of  a  chaldron. 

QuAETBR,  in  speaking  of  the 
Moon't  Age,  is  a  Coarth  part  of  one 
lunation. 

QuARTBR  PoiHt,in.  Xuvigotiomt  is 
the  fourth  part  of  the  measure  of 
one  of  the  principal  points,  or  of 
the  arc  intercepted  between  two 
adjacent  points. 

QUOTIENT,  the  quantity  which 
arises  by  dividing  one  number  or 
quantity  by  another.  See  Divi- 
sion. 


R. 


RADIANT  Point,  any  point  from 
wluch  rays  proceed. 

RADICAL  67^11,  in  Algebra,  is  the 
character  by  which  the  root  of  a 
quantity  is  expressed,  and  is  form- 
ed  thus  J,  while  the  particular 
root  is  indicated  by  a  ficure  on  the 
left  of  the  sign :  thus  'v^  a,  ^  a, 
*^  a,  &c.  denote  the  square  root, 
cube  root,  and  biquadratic  root  of 
the  quantity  a,  or  of  any  other 
q^nautityplt^ced  under  the  like 
signs.  Wnen  it  is  a  compound 
quantity  whose  root  is  to  be  ex- 
pressed, it  is  put  in  a  parenthesis, 
and  the  sign  prefixed ;  thus,  ^ 
(ifl  4*  ^)»  means  the  cube  root  of 
the  sum  of  a*  plus  b%  or  it  is  other- 
wise  indicated   by   a    line    thus, 

^  a*  +  6^  ;  tlie  characteristic  '  is 
generally  omitted  in  the  square 
rout,  so  tliat  instead  of  writing  ^y/ 
a  for  the  square  root  of  a,  we 
merely  write  y/  a,  by  whicli  the 
square  root  is  uiways  to  be  under- 
stood. 
RADII,  the  plnral  of  Radius. 
RADIUS,  in  Geometry,  the  semi- 
diameter  of  a  circle,  or  a  right 
line  drawn  from  the  centre  to  the 
circumference.  It  is  implied  in 
the  definition  of  a  circle,  and  it  is 
apparent  from  its  construction, 
that  all  the  radii  of  the  same  circle 
are  equal.  The  radius  is  some- 
times called,  in  trigonometry,  the 
sinus  lotus,  or  whole  sine.  The 
length  of  the  radius  of  any  circle 
is  equal  to  that  of  an  arc  of 
57-S96r7ti5  degrees  of  the  same 
c/rcJe. 

Kadi  us,  in  \.\\^  Jl^her  Geometry, 
Radius  of    the   Evolvta,  RoditM 
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Oseuli,  called  also  the  Radius  of 
Concavity,  and  the  Radius  of  Cur- 
vature, is  the  radius  of  a  circle 
having  the  same  .curvature,  iu  a 
given  point  of  the  curve,  ^ith  that 
of  the  curve  in  that  point. 

Radius  Vector,  is  used  for  a 
right  line  drawn  from,  the  centre 
of  force  in  any  curve  In  which  a 
body  is  supposed  to  ntove  by  a 
centripetal  force,  to  that  point  of 
the  curve  where  the  bo<ly  is  snp> 
posed  to  be.  In  the  elliptical  orbit 
of  a  planet  let  a  =:  semi-axis  mi^r» 
a  e  =  distance  from  the  centre  to 
the  focus,  or  e  =  eccentricity  to 
semi-axis  major  =  1,  o  =  true  ano- 
maly, and  u  =  eccentric  anomaly, 
then  the  radius  vector  r  is  expres- 
sed by  either  of  the  following  for« 
mulae  r=  a  (1  +  c  cos.  i*),  or  r  = 

1  —  e  COS.  V* 

RADIX,  the  same  as  root,  but 
used  in  a  different  sense  by  differ- 
ent  authors ;  thus  we  say  radix  of 
a  systeni  of  logarithms,  a  system 
of  notation,  &c.  meaning  the  fon-> 
damental  quantity  on  which  the 
system  is  constructed,  or  by  which 
all  the  others  are  compared. 

Radix  oist,System  of  La^arithsns, 
is  that  number  which,  involved  to 
tlie  power,  denoted  by  the  loga- 
rithm of  a  Dumber,  is  equal  to  that 
number.  Thus,  under  the  article 
logarithm,  we  have  shown,  if  r* 
=  a,  that  X  is  the  logarithm  of  a, 
and  r  is  called  the  radix  of  the 
system.  This  radix  in  tlie  Common 
or  Briggs's  Lnp^arithms  is  10,  and 
ill  the  Naperian  or  Hvperbolic  Lo- 
^^x\\.Vv\u.«,  it  is  2.7i82»i82,  ike,  and 


^hiMe  lugnrtltim  Id  Ihu  lyi" 


~  —  lr+t^~T^  +  r*  — 


which  ii  appnn  iI.ji  n.ocli  rt^■. 


RAINBOW,    the  TKinboir  i:  > 


ep»t»Wil  JBM  lieii-  d 


ft  Aa 

lonn,  and  thai,  Ihmlort,  are  (e- 


oiihl-lliDe. 
HoHiw  RiiRiiDV,  Ihe  lei-boir. 


HANOE,  in  Pr^tctUti,  ii  Ihe 

diiunce  la  which  k  body  it  pto- 

RARB,  In   Pk$slci,  ■  rclitlTe 
Di^'tu  denauTc'onaidtnkle  jxS 

HARBFACTION,  In  Ph^te,,  i> 
[be  making  a  biuly  to  expand  or 

it'n  by  nrcfaction  chat  annpowdnir 
:iple  alio  n'e  owe  oellpllct,  ibti. 


the  rarlly  af  (he  akr  in  faund 
to  be  Inveirsely  as  the  force  IhM 

weight  of  £  Uu  <L»  t^Misc  V.  n^ 
ao;  place-' 
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TfaeopflA  air,  inwhich  w«  brmOie, 
■ays  Sir  Imsc  Newton,  is  S  ur  000 
timet  lighter  than  water,  and  by 
conseqaence  8  or  000  Umea  rarer. 
Ajid  tiiice  the  air  is  compressed  by 
the  weight  of  the  incumbent  atmo- 
sphere, and  the  density  of  the  air 
li  profwrtioiiable  to  the  oompres- 
■iRf  force,  it  follows,  by  computa^ 
tkm,  that  at  the  height  of  about 
•eren  fini^lsh  miles  from  the  earth, 
the  air  is  foor  times  rarer  than  at 
tke  sarface  of  the  earth ;  and  at 
the  height  of  14  oniles,  it  is  10  times 
rarer  than  at  the  surface  of  the 
earth ;  and  at  the  height  of  SI,  88, 
or  88  miles,  it  is  respectivelv  04, 
959,  or  1094  times  rarer,  qr  there- 
abovts ;  and  at  the  height  of  TO,  or 
140,  and  SIO  miles,  it  is  abont 
1,000,008,  1,000.000,000^,  or 
1,000,000,808,000,000,000,  Ac. 

Mr.  Cotes  has  found,  Irom  expe- 
riments made  with  a  thermometer, 
that  linseed  oil  is  rarefied  in  the 
proportion  of  48  to  80  with  the  heat 
of  the  human  body  ;  in  that  of  to 
18  to  14,  with  that  degree  of  heat 
whereto  water  is  made  to  boil ;  in 
tke  proportion  of  IS  to  18  in  that 
degree  of  heat  wherein  melted  tin 
begins  to  harden  {  and,  finally,  in 
the  proportion  of  S3  to  80,  in  that 
degree  wherein  melted  tin  arrives 
at  a  perfect  solidity.  Hie  same 
anthor  discovered  that  the  rare- 
faction of  the  air,  in  the  same  de- 
gree of  heat,  is  ten  times  gre^r 
than  that  of  linseed  oil ;  and  the 
rareiaclion  of  the  oil  about  fifteen 
times  greater  than  that  of  the  spirit 
of  wine. 

-   RARITY,  lightness,  thinness,  the 
reverse  of  density. 

RATIO,  is  .the  relation  of  two 
quantities  of  the  same  kind  with 
respect  to  quantity,  and  is  by  some 
authors  divided  into,  arithineiical 
and  geometrical  ratio :  viz.  arithmc' 
tical  when  the  term  is  used  with  re- 
spect to  the  difference  of  the  two 
quantities,  and  geometrical  when 
it  relates  to  the  number  of  times 
in  which  the  one  of  those  quanti- 
ties is  contained  }h  the  other;  thas 

ft 

the  ratio  of  0  to  3  is  r-  =  S.      The 

3 

leading  term  of  the  ratio   being 
called  the  antecedent,  and  the  lat- 
ter the  eonsegueni;  also  the  quo- 
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tient  or  division  of  tiie  former  by 
the  latter^  is  called  the  index  ot 
exponent  of  the  ratio.  The  equ« 
lity  of  ratios  constitute  propojtiou. 
See  PaopoRTioM.  • 

RaticI  is  also  distinguished  by 
some  authors,  (principally  of  the 
old  school),  into  a  variety  of  deno- 
minationSf^many  of  which  are  to- 
tally useless;  hot  which  cannot 
notwitiistanding  be  passed  over  ia 
the  present  ar^le. 

IfTatiMuU  Ratio,  is  when  one 
of  the  terms  of  the  ratio,  at  least* 
is  an  irrational  quantity,  such  is 
the  ratio  of  ^  8  to  1. 

JMIonai  Ratio,  is  when  there  is 
no  irrational  quantity  enters,  or 
when  the  same  irrational  quanti^ 
enters  into  both  terms,  thus  V  0  to 
^S4=  V  0  to  S  V  0=  1  to  3. 

Ratio  of  Equalttjf,  is  when  the 
terms  expressing  the  ratio  are 
equal,  and  therefore  the  exponent 
ss  1. 

Ratio  of  Oreater  Inequality,  is 
when  the  antecedent  exceeds  the 
consequent ;  and  ratio  ^  lest  ift- 
equalitf,  is  when  the  latter  exceeds 
the  former. 

For  several  other  distinctions,  as 
Compound  Duplicate,  Subduplicate, 
Triplicate,  A'ubtriplicate,  &c.  see 
the  several  articles. 

Reduction  of  Ratios,  is  the  re- 
ducing them  to  Icas  terms,  the  ra- 
tio of  SO  tO'  34  =  6  to  4  =  3  to  3. 
Sometimes,  however,  when  the 
terms  of  tlie  ratio  are  very  larpre 
it  is  difiicult  to  reduce  tnern  in 
this  manner,  and  then  recourse 
must  be  had  to  the  method  of  find- 
ing the  greatest  common  measure 
or  common  divisor,  which  also 
fails  if  the  two  terms  are  prime  to 
each  other. 

In  this  case,  though  the  exact 
ratio  cannot  be  found  in  less  terms, 
it  is  frequently  desirable  to  find  an 
approximate  ratio  expressed  in 
less  terms,  and  recourse  mnst  then 
be  had  to  continued  fractions ;  vix. 
convert  the  given  ratio  into  a  con- 
tinued fraction,  and  thence  find 
the  series  of  converging  fractions, 
each  of  which  will  be  an  approxi- 
mate ratio  of  the  proposed  one, 
and  so  mnch  the  more  accurate  a^ 
it  is  farther  advanced  in  the  series. 
See  Continued  Fractions. 

Let  1103  to  887   be  a  ratio,  to 


RAT — »  AT 


wlilcli  it  is  required  to  find  an  ap- 
iiroxiinate  ratio  iu  less  terms. 
8»7)  1103(1 

216)887(4 

23/216C9 

9)23(2 

mi 

1)4(4 

Hence  by  the  rale  in  contUiaed 

fractions, 

quoto.  1    4    9    <     1      I        4 

1    5   46  07  I4<f  240   1103 
app.  ratios  -,-,- ,- ^_  ,- ,  _ 

Each  of  which  fractions  approxi- 
mates nearer  to  the  true  ratio  than 
any  of  those  which  precede  it,  and 
each  nearer  than  any  ratio  that 
can  be  expressed  in  less  terms. 

RATIONAL  Fractions,  is  the 
term  commonly  used  to  express 
those  fractions  whicii  may  be  de« 
composed  into  other  fractifms,  the 
sum  of  which  is  equal  to  the  given 
fractinix;  this  cannot  in  all  cases 
be  effecled,  bat  when  it  can  such 
fraciions  are  called  rational  frac- 
tions. 

In  simple  numerical  fractions, 
the  decomposition,  when  it  can  be 
effected,  is  drawn  from  the  inde. 
terminate  analysis.  Thus,  let  it 
be  proposed  to  resolve  the  fraction 

10 

—  into  two  other  fractions.  Since 
35 

35  =  7  .  5,  let  the   two   required 

(J*  ff 

fractions  be -:  and '—;   then    their 

sum   — — — ^  =  -  ;  whence  fe-f* 

7y  =  10,  which  is  an  indetermi' 
Muie  pquaiitm  of  the  first  degree, 
and  ihe  solution  of  it  Rtves  jr  =  | 

«        I  r  19         1      ,    2 

and  y  =  2  J  therefore  —  =  r  +  r 

35      7       i 

If  the  denominator  is  a  prime 
number,  tlie  decomposition  is  im- 
possible, as  it  is  also  in  some  other 
cases;  but  if  x  and  p  are  prime 
factors  of  the  denominator,  and 
the  numerator  is  greater  than  x  p 

—  Z'-y,  then  the  decomposition  is 
always  possible. 

If  'the  denominator  consists  of 

tliree  or  more  prime  factors,  then 

a        b        c 
making  it  equal  to  —  4-  -^  -f  -  -f 
'  z        p        » 

Ac.  the  docompositioB  may  still  bt 
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efleeted  by  means  of  an  indeCcrmi- 
naie  equation  of  the  first  decree. 

But  the  principal  use  of  thi4 
decomposition  is  in  the  inrerM.- 
meth<»a  of  fluxions,  or  the  inte;;rail 
calculus,  for  which  purpoM;  itiey 
were  first  investigated  by  Leibnitz, 
and  have  been  since  much  extend, 
ed  by  the  researches  of  C<»te4, 
Baler,  Simpson,  Lagrange,  &c.  the 
former  in  particular  lias  treated 
the  subject  at  length,  in  his  "  Har- 
monia  Mensararum,"  and  Ruler 
has  a  very  elegant  chapter  on  thi» 
subject  in  his  Analysis  "  Intinittv 
rum,"  vol.  i.  to  which  works  the 
reader  is  referred,  as  we  can  only 
give  a  slight  sketch  of  this  theory 
in  the  present  articles. 

Let 
(x^  -l-ajw — I  +  bi^-'*  -i-  Sc".)  X 

be  any  proposed  fluxion  of  which 
the  finei)t  is  required.  Tins  place 
is  the  same  as 

x*»x 


H  J»M I    i> 


-|-  MC 


x**-^  px^ — >  -\-  qje^  —  '  -f  &c. 
bx'»—'*x 


*"  +  J»*«— »  4-  qx^—'  -t-  4;c. 

And  the  whole  fluent  will 
equal  to  the  several  fluents 
these  parts,  each  of  which  is 
eluded  ill  the  general  form 

1 


of 
III- 


f- 


,«  4- J/X"— »  ^  qx*i~-*  +  Sti' 

and  our  object  Is  now  to  d«-'''Mii- 
p(MC  this  nrst  (acitrr  into  its  mni- 
pie  fraciions. 

Now  the  denominator  iff  this 
fraction,  from  tl>e  kiffwn  lh*'4tiy  #if 
equations,  may  be    coosmIcmwI    m% 

madeupof  the  facl*»rs<^<'- •;'<''-  f^' 
(x — y)  (x — >),  Ac,  «,  0,  y,  ^ 
being  the  roots  of  the  <'/|ii,<fion 
arising  from  making  th'*  t\r%u^uy\ 
nator  equal  ti>  tMt»,  and  yt\%%v.\% 
thus  become  known. 

I^'t  us  thfrefore  %n^f\tni*p  the 
above  frnrtMinto  Imt  equal  \*t 

A     .      B  «     ^      »'     . 
+  — 3  ^  —  -^  *r  -—- r  <  kt. 

the  redaction  of  which  Ut  a  r*»H- 


MATHEMATICAL  AMD  PHYSICAL  SCIENCE. 


tnon  denominator,  and  comparing 
the  numerntom,  gives 

A  (X— fl)  (j^-y)  (x-»),&c.7 
+  B  (*—«)  (X— y)  (*- J),&c.  V 

ssl. 

Or  making  successively  '  =  «, 
fif  y,  ^1  &c*  (wliich  will  not  alter  the 
value,  these  being  the  roots  of  the 
equation)  gives 

A(ii-0)(»-y)(«-»  &c.  =1 
B(^-«)  (^-.y)(|3-»  &c.  =1 
C(y-«)(y-^)(y-»)&c.=i 
&c.  &c. 

.?: ^ 

{»  —  $)  («— y)(a— *)&c. 
■ I 

^  =  (fi^a)  (^-y)  (0— >)  &C. 
C  = i^ 

wlience  the  values  of  A,  B,  C,  &c. 
become  known,  and  therefore  the 
general  fluxion 

1 


is  decomposed  into  the  following 
particular  ones 

^Xf^X        ^XfAX       ipxfAX 

h ~  -i h  &c. 

X  —  »       X  —  ^       X — y 
the  fluents  of  which  are  easily  ob- 
tained.   For 

^X  UX  I    • 

•  .  =  ^XfA — *  X  +  ^ax/*"^ 


fafx 


-    1 


X A 

the  fluents  of  which  become 
^XfA       ^axf*—^ 


I- 1 


+  &c.+<j>a^[4_i 


hyp.   log.  (*  —  a) 

This  method  admits  of  consi- 
derable abridgment,  but  the  limits 
of  our  article  will  not  admit  of 
farther  explanation  ;  and  we  must 
tiierefore  refer  the  reader,  who  is 
desirous  of  information  on'^his  sub- 
ject, to  the  "  Analysis  Infinito- 
rum"  of  Euler^as  above  mention- 
ed ;  and  to  Simpsoix'&  "  VivoiQia^ 
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vol.  i. ;  and  thall  in  this  plaM 
merely  give  one  example  by  way 
of  illustration. 

Let  it  be  proposed,  for  example^ 
to  hud  the  fluent  of 


«>  —  «*«+ 11 X--6 
Here  the  equation  xS— fix^  +  lU; 
-r-6=0,  gives  x  =  1,3,  and  3;  that 

is,  A  =  1,  ^  =  2,  y=:3,  and  the  frac 
tion  is  therefore  decomposed  into 


X — a     X — s 


where  A  := 


.1 


Csr 


Cl-2)(l-S) 
®  =  (2_l)(2-3)"""** 


S(«~l)  X— S 


X 

+  2(x  — 3) 

the  fluents  of  which  are 
4  -hyp.    log.   (x  —  1)  —  hyp.    log, 
(X— 2)  4-  4  hyp.    log.    (—3),    or 
fluent  of 


=  hyp. 


x9^6x'»-\-n—6 

**  f— 3 

Rational  Quantities,  in  Algebra, 
are  those  which  are  expressed 
withodt  any  radical  signs,  being 
equivalent  to  integers,  or  frac- 
tions, in  arithmetic,  which  are 
called  rational  numbers,  or  qaan- 
tities,  in  contradistinction  to  irra- 
tional or  surd  quantities.  8kb 
Surds. 

RAY,  in  Optics,  a  beam  of  light 
propagated  troma  radiant  point. 

If  the  ray  comes  direct  from  the 
radiant  point  to  the  eye  it  is  said 
to  be  direct ;  if  it  first  strike  npoa 
any  body,  and  is  hence  transmitted 
to  the  eye,  it  is  said  to  be  reflected, 
and  the  ray  itself  is  called  a  re- 
jected rap ;  and  if  the  ray  in  its 
passage  to  the  eye  be  bent  or 
\vakXtik»lQvit  of  its  oireet  course  by 
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passing  tlirongh  any  medium,  it  it 
said  to  be  refracted,  and  is  thence 
ctiWe&KrefrcKtedray,  When  two 
or  more  rays  proceed  in  directions 
parallel  to  each  oiher,  ihey  are 
called  parallel  rays.  If  they  con- 
verge towards  each  other,  they  are 
called  converging  rays,  and  if  they 
diverge,  diverging  rays  ;  and  those 
ivhich  pass  dliecily  to  the  eye  in 
any  case  are  called  visual  rays, 
>i  Among  other  qualities  of  rays  it 
has  been  found  by  experiment 
that  there  is  a  very  great  dif- 
ference in  the  healing  power  of 
the  different  rays  from  the  sun. 

It  appears  ftoni  the  experiments 
of  Dr.  Herschel,  that  the  heating 
power  increases  from  the  middle 
of  the  spectrum  to  the  red  rays, 
and  is  greatest  beyond  it  where 
the  rays  are  invisible.  Hence  it 
is  inferred  that  the  rays  of  light 
and  caloric  nearly  accompany 
each  other,  and  that  the  latter  are 
in  different  prouortions  in  the  dif- 
ferent coloured  rays ;  these  are 
easily  separated  from  each  other, 
as  when  the  sun's  rays  are  trans- 
mitted through  a  transparent  body, 
the  rays  of  light  pass  on  seemingly 
undiminished,  but  the  rays  of  ca- 
loric are  intercepted.  When  the 
sun's  rays  are  directed  to  an 
opaque  body,  the  rays  of  light  are 
reflected,  and  the  rays  of  caloric 
are  absorbed  and  retained.  This 
is  the  case  with  the  light  of  the 
moon,  which,  however  much  it  be 
concentrated,  gives  no  indication 
of  being  accompanied  with  heat. 
It  has  also  been  shown  that  the 
different  rays  of  light  produce 
different  chemical  efl'ects  on  the 
metallic  salts  and  oxyds.  These 
effects  increase  on  the  opposite 
direction  of  the  spectrum,  from 
the  heating  power  of  the  rays. 
From  the  middle  of  the  spectrum, 
towards  the  violet  end,  they  be- 
come more  powerful,  and  produce 
the  greatest  effect  beyond  the 
visible  rayst  From  tliese  disco- 
veries  it  appears  that  the  solar 
rays  are  of  three  kinds:  1.  Rays 
which  produce  heau  2.  Rays  which 
produce  colour;  and  3.  Rays  which 
deprive  metallic  substances  of 
their  oxygen.  Jhe  first  set  of  rays 
is  in  greatest  abundance,  or  are 
most  powerful  towards  the  red! 
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end  of  the  speetcnm,  and  are  least 
refracted.  The  second  set,  or 
those  which  illuminate  objects, 
are  most  powerful  in  the  middle  of 
the  spectrum.  And  the  third  set 
produce  the  greatest  effect  towards 
the  violet  end,  where  the  rays  are 
most  refracted.  The  solar  rays 
pass  through  transparent  bodies 
without  increasing  tiieir  tempera* 
ture.  The  atmosphere,  for  instance, 
receives  no  increase  of  tempera- 
ture, by  transmitting  the  sun's 
rays,  till  these  rays  are  reflected 
from  other  bodies,  or  are  commu- 
nicated to  it  by  bodies  which  have 
absorbed  them.  This  is  also  proved 
by  the  sun's  rays  being  transmitted 
through  convex  lenses,  producing 
a  high  degree  of  temperature  when 
they  are  concentrated,  but  giving 
no  mcrease  of  temperature  to  the 
glass  itself.  By  this  method  the 
heat  which  proceeds  from  the  sun 
can  be  greatly  increased.  Indeed, 
the  intensity  of  temperature  pro* 
duced  in  this  way  is  equal  to  that 
of  the  hottest  lurnace.  This  is 
done  either  by  reflecting  the  sun's 
rays  from  a  concave  polished  mir- 
ror, or  by  concentrating  or  collect- 
ing them  by  the  refractive  power 
of  convex  lenses,  and  directing 
the  rays  thus  concentrated  on  the 
combustible  body. 

RECIPROCAL,  in  Arithmetic  and 
Algebra,  is  the    quotient    arising 
from  dividing  unity  by  any  quan- 
tity;  thus  1  i  -  =  2.  is  the  recipra- 
y      X 

*|. 
cal  of  the  fraction  — • 

V 

Rkciprocal  Eqitations,?se  those 

which    contain    several    pairs    of 

roots,  which  are  the  recijuocal  of 

each   other.     Thus    an   equation 

whose  roots  are  a,  — ;  fc,  t  ;  c,  — , 

a  *  b  c 
&c.  is  called  a  reciprocal  equa- 
tion ;  the  solution  of  which  always 
depends  upon  the  solution  of  an 
equation  of  half  its  dimension  if  it 
be  even,  or  upon  half  the  dimen- 
sion tnitius  1,  if  it  be  odd. 

Thus  far,  in  fact,  it  differs  in  no 
respect  from  any  other  equation  in 
which  a  similar  relation  is  known 
to  have  place  between  its  roots ; 
but  what  is  the  most  characteristip 
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4f  these  equations  it,  that  they  are 
known  to  be  reciprocal  as  soon  as 
they  appear  by  the  order  and  sigiib 
of  their  co-elncients ;  that  i«,  the 
terms  equally  distant  from  either 
extreme  liave  the  same  coefficient, 
thus, 

x^  +  5x*'{-7afl  +  73fl  +  5x  +  l=0 
is  R  reciprocal  equation. 

And  thcrei'oru  when  an  equation 
appears  under  this  form,  it  i*  im- 
medialely  known  to  be  a  recipro- 
cal one,  and  may  tkience  be  de- 
pressed to  an  equation  of  half  its 
dimension. 

Let  a*»  4-  jja««— » -f  {*«"—«  + 
Ac  qx*  -^-px  -jr  1  =  0  be  any  re- 
ciprocal equation,  whose  roots  are 

a,  -,  ft,  7-,  c,  -,  &C,    Then  from  the 

a       o       c 
theory  of  equations,  we  may  consi- 
der this  to  be  made  up  of  the  factors 

(x— c)  (x J  &C. 

Or  patting  a4-  —  =  "»»*  "^r** 

«,  c  -I-  -  =  r,  &c.  these  become 

(ac«-f  ml+1)  (««  +  «« -HI)  (««  + 
rx  + 1)  Ac. 

I  It  tiicrefore  we  really  perform 
this  multiplication,  and  equate  the 
co-eliicients,  it  is  obvious,  since 
the  multiplication  is  reduced  to 
hail"  the  number  of  factors,  the 
cquiition  by  which  the  values  of 
m,  n,  r,  &c.  are  obtained  will  be 
of  only  half  the  dimension  of  the 
original  equation ;  and  having 
found  these,  since 

X*  -\-  mx  -{-  1  =  € 

a-a  -(-  wx  4- 1  =  0 
x«  4-  rx  -H  1  =  0  &c. 
we  shall  have 

&c.  &c. 

Thus,  for  example,  let  there  be 
prt'posed  the  equation 
*•>  -\-  i>4-^+  7a--'  -f  5a'  -f  I  =  0 
muliipiy  together 
4l*i 


X^-fliW+1 

and  jfl-\-nx-\-V 

Comparing  the  co-efficients,  vt 
have  Mi -)~  n  =  5,  and  m »  -^  2  =r.' 
Hence 

m  =  -    ;.    ■ ,  and  n  =: 


\ 


«     % 

therefore 


x  = 


i         /a 


and 


=£^»±vC 


30+10  v/5 


-0 


which  are  the   foar  roots  of  the 
proposed  equation. 

If  the  equation  be  of  odd  dimen- 
sions, then  either -f- 1  or  — 1,  is  one 
of  the  roots  which  will  depend 
upon  the  signs  of  the  co-efficient& 
and  may  tiiercfore  be  determined 
immediately  from  inspection,  and 
the  whole  equation  thus  reduced 
to  another  oue  degree  less,  but  still 
reciprocal ;  and  which  may  then 
be  reduced  to  half  its  new^  dimen- 
sion according  to  the  preceding 
rule.  On  this  subject,  see  Donny- 
castle's  Algebra,  vol.  li. 

RECIPROCAL  FSgures,  in  Cer- 
met ry^  are  such  as  have  the  ante- 
cedent and  consequents  of  the  same 
ratio  in  both  figures. 

Rkcipkocal  Proportion,  is  when 
the  reciprocal  of  the  two  last  terms 
have  the  same  ratio  as  the  quan- 
tities of  the  first  terms,  or  when 
the  antecedents  are  compared  with 
the  reciprocals  of  the  consequents, 
thift, 

5  :8==24:  15 
is  a  reciprocal  proportion,  because 
5:8  =  5!,:^,  or 

Reciprocal  Ratio^  is  the  ratio  of 
the  reciprocals  of  two  quantities. 

RECIPROCALLY,  the  property 
of  being  reciprocal;  thus  we  say, 
that  in  bodies  of  the  same  weight, 
the  density  is  reciprocally  as  the 
magnitude  ;  viz.  the  greater  the 
magnitude  the  less  is  the  density  ; 
and  the  less  the  magnitude,  the 
greater  the  density,  iio  again,  the 
space  btin{v  given,  the  velocity  .j» 
reciprocally  as  the  lime. 
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IT. 


% 


I^'a.2. 


M' 


A 


/ 


s>b 


bT 


i*/</.  i». 


J?M^  .^  S^m  fti  JmmJ. 


ft  E  C— -K  K  C 


Te^KONINO,  in 


("S^t  110^11^ 


-        ,d  hMM  the    .„.„. 


ElBDTANCULAK    Figvrii   twi 


tfore  ApglloaiuB,  (or  the  jMrtbo- 
RECTIFICATION,  in  Gttmttry, 


bit  u>  Bisinn  the  lenglh  ofnny 
.nrve  line  wliMiver.  thou*ih  Ihey 


itigcallcdthedemdre 


b(  Iht  ball  nnd  lialf,  ud  powdei 
RECTANGLE,  in  Gtaaulm.  w  i 
flBure  hiving  all  In  ^«ie»  nK'i 


peculiu'  to  itMlf,  viz.  It  fro 


,.,_»i«.  mnA  Sai-a  rseillJcMlon 
'f  "  wu_Fahli>)ud  in  Jnly  or  Au- 


..  __,  however,  to  the  doeliineof 

r"tSoiition  of  CDive  linei,  in  flniie 

f  11,  and  in  other,  by  meaoi 

eiirfthDii,  te.  o'f  which  method 
—  -'mil   el«  «  e^ntttX  view  in 

A  C  e  IPhite  9.  tf.  1)  be  nnj; 
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^  Xt  the  fluxion  of  the  abscisn  A  B ; 
andc<f  =  y,  the  fluxion  of  the  or- 
dinate B  C,  and  C  c=b  s,  the  flo&ioD 
uf  the  curve  A  G. 

Now  the  triangles  Cdc  being 
right-angled  at  d,  we  have  Cc  = 

s/(CiP+cdr*,  or  i=  V'(««  +  i>a; 
itiat  is,  the  llnxiun  of  the  curve  is 
equal  to  the  square  root  of  the  sum 
of  the  squares  of  the  fluxions  of  the 
absciss  and  ordinate ;  and,  there- 
fore, substituting  the  valae  of  one 
of  these  in  tenns  of  the  other, 
drawn  from  the  equation  of  the 
curve ;  the  fluxion  of  the  curve 
will  be  given  in  terms  of  one  vari- 
irf>le  quantitv,  the  fluent  of  which 
will  be  the  length  of  the  curve  in 
terms  of  the  same  quantity,  and 
which  will  be  general  for  all  va- 
lues of  that  variable  quantity. 
Taking,  then,  any  known  value  of 
this  quantity,  the  length  of  the 
curve  will  also  become  known. 

Exam.  To  find  the  length  of  the 
semi-cubical  parabola,  of  which 
the  equation  is 

«| 
03fl  =  y\  or  *  =  — s,  and 
ah 

8y»jf  . 

consequently  «=———  or  «>  = 

4a 

snbstituting,  therefore,  this  value 
of  £^  in  the  general  expression 

js  =  ^  (x«  -f.  y9)  we  have 

^(9y4-4a)  the  fluent  of  which  is 
s  =  —i-  X  (9y+  4  a)i  -f.  corr. 

Now  wiien  the  arc  =  0,  then  y  = 


0;  .-.0 


^    3 
4  a '2 


STa 


i 


+  C 


orC 


-4«-*         _ 


_  — 8o 


27  ^4  27 

Wlieiice  the  complete  fluent  is 
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x  = 


9y-t-4a) 
37a4 


Again,  in  the  common  parabola. 
Here  the  equation  is  ox  =  9*,  or 
2 te  =  9^,  potting  as=9b,  whence 


*  =  si— 
86 


or  X  =  JJL 


and  afi 


b'*  .  Substitute  this  value  of  a^  in 
the  general  expression  s=z  y/  (/x^-\- 
y^),  and  we  have 

b^)  the  fluent  of  which  is 
z  =  l^  (yi  -i-  6«)*  4-  i6  X  hyp. 

loR.  (y4-V5*Tfr^)  +  corr. 
Now  when  2  =  0,  y  =  0 ;  and  we 
have  theretbre 

0  =  i6  X   hyp.  log.  b  -f-  corr.    or 
corr.  =  —  4  6  X  hyp.  log.  b 

Whence 

«  =  h  (1^  +  ^')*+'i&  hyp.  log. 

y  +  V(y«  +  fc^) 

b 

Instead  of  reasoning  in  all  cases 
from  the  expression  i^  =  ^[ii^^\ 
it  is  sometimes  useful  to  adopt 
other  methods  according  lo  the 
nature  of  the  curve,  as  in  the  fol- 
lowing example. 

To  find  the  length  of  the  Cycloi- 
dal  Arc,  ABC.    (Plate  6,  fig.  8.)  • 

TakeBD  =  a,  BE  =  ar,  hG  =  z] 
6  H  in  the  direction  of  a  Ungent  at 
G  =  « ;  draw  HI  K  parallel  to  G  E, 

and  let  E  K  =  x,  then  by  similar 
triangles  B  £  F  and  G I H. 

BE : BF=GI  : GH 
or  since  B  P  =  v'  (D  B .  B  P)  =  ^/ 
aar,  we  have 

i    i       •    •       jdL- J   —A 
5  *«  =/r  • «  —  — : —  =.  a^  X    9 


x'.a*  x^  =.x:%  = 


-i 


xthe  fluent  of  which  is  x  =  2a4  a;* 
=  2  v^ax,  which  needs  no  correc- 
tion, for  when  x=-  0,  ar=0,  and  the 


fluent  itself 
ought  to  do. 


becomes   zero,  as   it 


K  £  C — B  E  C 


That  it,  the  eycloidal  arc  ^  C  = 
%BV,  and  therefore  B  A  =  S  B  D, 
or  Ihe  -whole  arc  sa  four  times  the 
diameter  of  the  generating  circle. 

4.  Tojlnd  the  Length  of  a  Circular 
Arc. 

Thto  may  be  expressed  either  in 
terms  of  the  sine,  cosine,  versed 
sine,  or  any  other  trigonometrical 
line,  as  follows: 

First  let  the  versed  sine  =  x,  the 
sine  =  y,  radius  =  r,  and  arc  =  x, 
then  by  the  property  of  the  circle 

r^t* 
or  potting  tangent = f  ;  ](>  =s 


and  secant  =  *  gives,  s^=:  — j-r* 

as  are  readily  deduced  from  the 
known  properties  of  the  circle. 

Now  by  means  of  tliese  values  of 
f*,  or  of  *  r*  —  xf*  and  the  general 

equation  «  =  ^/  (x*  -+-  y*)  we  readily 

draw  the  following  valuea  of  x,  vix. 


rx 


ry 


the  fluents  of  which  can  only  be 
found  in  series,  "which  are  as  fol- 
lows ;  making  radius  r  =  1,  wi*. 

■''2.3^X.4.6'^a  4.-«.7 


=( 


=  ( 


X  sf  X 


2.3      *. 4.5 


f 


3.5yg 
2.-I.0.7 


+  &c)  Xy 
^     r*     f» 
3 


X/ 


&c.  ^  X  r 


) 


where  r  Is  retained  in  the  latter 
/or  sake  of  analogy.  It  is  obvious 
therefore  that  the  arc  may  be  com- 
pated  by  any  of  these  m  terms, 
either  of  the  sine  or  versed  sine, 
tangent  or  secant,  and  consequently 
also  in  termn  of  the  cosine,  cotan- 
gent, cosecant,  tec. 
Thus  in  the  first  taking  x  =  i, 
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which  is  the  versed  sine  of  <I0*, 
we  have 

arc  eo^  =  f  1  +  — ^  H ^ —  + 

2*.4.fl.7y^* 
In  the  second,  assuming  If  :=  i  = 
sin.  30*,  we  have 

arc  80»  as  f  1  -f  —  A ?—  4- 

V    ^2».3^2*.4.5^ 
8.5     ^ 

«^.4.6.7y^*- 
In  the  third,  asstrasing  f  =  I  = 
tang.  45°,  we  Obtain 
arc  43"»=(l-i-fJ-l  +  J- 

il  +  &c.) 

In  the  fourth,  assuming  «  =:  2  = 
sec.  60",  gives 

_       /«  — 1  .  2»— 13  .. 

2».4.5    +**'• 

Then  multiplying  the  numbers 
obtained  from  tliese  series  by  the 
number  of  times  that  the  arc  is 
contained  in  the  whole  circunv 
lerenoe,  will  give  the  circumfer- 
ence required* 

But  no  one  of  these  series  are 
sufficiently  convergent  fur  ascer- 
taining  the  circumference  of  the 
circle  to  a  great  degree  of  accuracy, 
and  therefore  .other  methods  have 
been  contrived,  in  order  to  pro- 
duce series  better  caltrulated  for 
this  purpose,  of  which  that  of  Ma- 
chin  has  been  the  most  popular; 
though  it  does  not  appear  that  he 
employed  it  in  his  celebrated  quad- 
rature or  rectification,  in  which 
he  found  the  circumference  to  100 
places  of  figures. 

la  order  to  render  these  series 
more  converging,  it  is  obvioas  that 
less  arcs  must  be  assumed,  and  the 
difficulty  consists  only  in  finding 
the  tangents  for  example,  (using 
that  series)  of  a  small  arc,  which 
may  be  expressed  in  numbers  that 
are  tolerably  manageable  in  tlie 
general  series* 

For  this  purpose,  Machin  know- 
ing the  tangent  of  45*  to  be  1,  and 
that  the  tangent  of  an  arc  being 
known,  any  multiple  of  it  is  readily 
found,  considered,  that  if  there 
were  assumed  some  small  simple 
number  for  the  tangeiit  of  aA  arc. 
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'  «hd  then  the  tangent  of  the  doable 
arc  were  ctintinaally  taken,  until 
a  tangent  wa>  found  nearly  equal 
to  1,  ihe  tangent  of  45*:  by  taking 
the  langent  of  this  small  difference 
between  45*  and  the  multiple  arc, 
there  would  be  had  two  very  small 
tangents,  the  one  of  the  first  arc, 
and  the  other. of  this  difference. 
Then  computing  the  arc  to  these 
tangents,  whether  the  measure  of 
them  in  degree.  Sec,  were  known 
or  not ;  the  whole  arc  of  45*  would 
become  known,  viz,  by  multiply- 
ing tlie  first  by  the  assumed  mul- 
tiple, and  adding  the  last  arc  to 
the  product;  if  the  tangent  of  the 
multiple  arc  were'  less  than  1,  or 
the  arc  itself  less  than  45";  but 
subtracting  it  if  greater. 

Having  thus  laid  down  his  plan 
of  operations,  by  a  few  trials  he 
hit  upon  a  number  well  suited  to 
his  purpose,  viz.  knowing  the  tan> 
gent  I  of  45%  or  of  11*  15^,  to  be 
very  nearly  equal  to  |,  he  assumed 

for  his  first  arc,  that  whose  tangent 

is  1 ;  then  since  tan.  8  a  =, 

•  1— tan.^ 

radius  being  I,  he  had  ^  for  the 

tangent  of  his  doable  arc;  and 
again  jM  for  the  double  of  this,  or 

of  quadruple  the  first,  and  this 
being  a  little  greater  than  the  tan- 
gent of  45*  was  well  adapted  to  his 
views  ;  for  by  a  known  trigonome- 
trical property 
tan.  a —  I 


tan.   (a  —  45)  = 

,   ,  that  is,  the  tangent  of 
tan.  a-f- 1 

tlie  small  arc,  which  is  equal  to 

the  exce«s  of  his  multiple  above 

*»'»'^"|prr  =  «w-      He    had 

therefore  two  arcs  to  compute,  the 
one  wliuse  tangent  was  1,  and  the 

other  having  for  its  tangent  .U ; 

and  then  4  times  the  first  arc  mi- 
nes ttie  latter,  would  evidently 
give  the  exact  arc  of  45°,  and  both 
these  numbers  being  such  as  con 
verge  veiy  >vell  in  the  general 
series,  the  dilhcnlty  attending  the 
usual  approximations  was  avoided, 
but  others  still  more  convergiivg 
than  these  have  since  been  dis- 
covered. 

R?:CTiFlER,  in  Navigation,  an 
instrument  consisting  of  two  parts, 
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Which  are  two  cireles,  either  laid 
the  one  upon  the  other,  or  the 
former  let  into  the  latter,  and  so 
fastened  together  at  their  centres, 
that  they  represent  two  compasses, 
one  fixed  the  other  moveable,  each 
of  them  being  divided  into  3S 
points  corresponding  with  the 
points  of  the  compass,  and  also 
mto360*,  and  numbered  both  ways 
from  north  to  south,  terminating 
in  the  east  and  west  in  90*.  The 
use  of  this  instrument  is  to  rectify 
the  ship's  course,  by  determining 
the  variation  of  the  compass. 

Rkctiptikg  the  Globe,  is  a  pre> 
vious  adjustment  of  it  to  prepare 
it  for  the,sointion  of  any  proxxMed 
problem. 

RECTILINEAL,  or  JtectiUnear, 
consisting  of,  or  being  bounded  by, 
riglit  lines. 

RECURRING  Series,  is  a  series 
so  constituted,  that  each  succeed- 
ing term  .is  connected  with  a  cer- 
tain naniher  of  the  terms  immedi- 
ately preceding  it  by  a  constant 
and  invariable  law;  as  the  sums 
or  differences  of  some  maltiples  of 
those  terms,  &c. 

Thus  the  series 

«>   0>   y.     h    «,     9,      &c. 

I,3x,6zl*,7afl,9x*,n3fi,    &c. 

is  a  recarring  series,  for  these 
terms  being  respectively  repre- 
sented by  «i  0f  y»  ^1  &c.  we  have 

•  =  ^x  *— x«y 

&c.        &c. 
that  is,  each  term  is  equal  to  2« 
times  that  which  precedes  it,  minus 
afi  times   the  one   preceding  the 
last. 
Or  generally  let 

^y     yy      ^y      t,      0, 


1 


&c. 


aXfbafi,  cx^,  dx*,  cx*,/a:«,  &c. 
be  any  series  whose  terms  a'i'e  de- 
noted as  above  by  «>  0f  yj  ^t  &c. 

and  let  f^t  ff  ft  &c.  represent  the 
successive  multiples  ot'  the  precud* 
ing  tern)s,  then  if  we  have 
a  =.  a 

0=$ 

y=  (A  X.B  -\-V  3fl,lt 

9  =  fA  x.y  -i-vsfi  .0 


H  E  C — R  E  C 


then  this  series  is  recurring,  and 

/M  4-  y  is  called  the  scale  of  rela- 
tloHf  which  is  here  only  of  ttvo 
terms,  and  this  subtracted  from 
unity  is  called  the  dijerential 
scale. 
But  if 

fl  =  /tA  a; .  «  +  »  a« .  *  +  p  ar» .  y 
&c.  &c. 

then  fx  h  y  +  p  is  tlie  scale  of  rela- 
tion, whicli  is  of  three  terms,  and 
so  oil  of  any  other. 

Now  referring  to  the  first  of  the 
preceding  set  of  formulae  as  the 
simplest,  and  calling  the  infinite 
sum  ot  the  terms  a  +  0  +  y  +  9, 
&c.  =Sf  it  is  obvious  that  we  shall 
have 


In  tlie  second  case,  vlx.  of  the 
terms  beyond  wjf",  the  scries  is 
(«  4- 1;  a;«-|-  (n  +  2)  *»  +  »  +  (n  +  3) 
xn  +  i^  &c.  and  in  the  formula  s  =• 

a^$  —  afAX  ,  ,      . 

we    have   only   to 


Si  or 
,*.  or 


*  =  «=/?  +  /»*(*  — a) +  V* 
s  —  ijrx.s — f3fi.s  =  a-\r0 — «/u 

s  = -—  the  fum'  of  the 

1  —  /^*  —  »** 
series. 

And  in  a  siraiilar  way  we  may 
find  the  smu  when  the  scale  of  re- 
lation is  of  three,  four,  &c.  terms, 
but  the  result  must  be  necessarily 
a  little  more  complicated. 

Let  us  illustrate  this  by  a  few 
examples. 


1.  Required  the  sum  of  n  terms 
of  the  series, 

1 -f  2*  +  8*8 -f- 4r» -f  &c.  »««—>. 

Fiist,  it  may  be  observed  that 
the  formula  above  given  extends 
to  the  infinite  sum,  whereas  it  is 
here  only  required  to  find  the  sum 
of  the  first  n  terms,  we  must  there- 
fore fiirst  find  Uie  infinite  sum  of 
the  whole  series ;  and  then  the  in- 
finite sum  of  all  the  terms. beyond 
sutH, — 1,  and  the  difi'ereiioe  of  these 
will  evidently  be  the  sum  required. 
Now,  in  the  first  place,  it  is  ob- 
vious that  eac\^  term  is  equal  to 
2x  times  the  preceding  term  minus 
x'*  tifiaes  that  preceding  the  latter ; 

that  is  ft  =  2,  and  »=  —  1  ; 

therefore 
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1— f4* — yx^ 

substitute  «  =  («  -|-  1)  a*«,  and  tf = 
(n+  2)  x^  +1  instead  of  a  =■  1,  and 

^£=2ar,  as  in  the  former.    Jlence 

we  have  s^  = 

(n+1)  a:«+  (»H-2)ar»-»— 2(n-f  l)a"-n, 

;         1— 2ar-|-a:«  "^ 

.       (n  +  l)««  +  »M«  +  » 

or  y  = :- 

(1  — «)» 

And  therefore  *  —  /,  or  the  sam 

of  the  first  n  times,  is  equal  to 

1— ^ 
2.  Required  the  sam  of  »  terms 
in  the  series 

l-f  3jf.f  &t« -4-7*8 +  &c. 
Here  by  trial  we  find  Uie  scale  of 

relation  to  be  /(<(  =  2,  and  y = — - 1,  as 
before ;  therefore  the  infinite  sum  is 
tt-t-|3  —  gfcjf       1  4-  3x  —  2x 

A— /**^i«""  1  —  **  +  * 

""(1  — «)« 

After  n  terms  the  series  becomes 
(2n  -f- 1)  x»  -H  (2n  +3)  ar«+i  -|-  (2/<45) 
a!»+*4-,  &c.  which  therefore  arises 
from  the  fraction 
(2n+l)ar«4-(^n+3)a:«+'4-^(^n4  l)af"-*-) 


s  = 


1— 5ta:4-ar'< 
(2n  +  l)jg«  —  (2n  — !)<:»  +  * 

-  (l-ar)« 

Whence  the  sum  of  n  terms  is 

l+g  — (2n  +  l)a:«4-(2w— Qa"-*"* 


Rbcubbino  Decimals,  those 
which  are  eontinaally  repeated  in 
the  same  order,  at  certain  inter- 
vals, as  §=  '8066,  and  ^  =  •272J27, 
&c.  See  Circulating  Decimals,  and 
Bevetend, 

It  is  a  singular  property  of  all 
fractions  having  a  prime  denomi- 
nator  (n),  that  the  number  of 
places  in  the  repetend  is  always 
equal  to  (»  — 1),  or  i(n— 1),  or 
j  (n  —  1),  &c. ;  and  when  it  is  equal 
ton  —  1,  the  same  i-epetend  will 
always  recur  in  the  same  order, 
whatever  may  be  the  numerator 
of  the  AractioD,  but  the  period  of 
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=  -vuruttiiu 


I,  in  7><IVjfc>.  DT 
tin>pl«  Of  iirw 


RnOVClltG  SraU.  or  S 


uivr,  when  ihs  qumnLtty  !■  i 
tduccd  ftom  ft  bLfiherJen-on 
loniDBl'iHti.  TlmecuHc 
lOWEVir,  be  both  includrd  m 
h>  roJIuwiKg  rale.  Cuniider 
naiiy   of   IhE    leH    dciiomillBI 


',  K  mil  the  fmc 


Ei.  1.  BcdDCC  ^^  to  lu  loweu 

It  nny  b<  otacmd,  Ihu  ttaU 
nelliDd  of  reduction  ij  frrquentlj 
niicb  licllluted  by  the  proiwrliei 


I..,,  .j.li^-.y. 

I.  Convertely  V  =  *};  'I' 

III.  lb  ndaee  a  campoiiiid  fnc- 
tlon  toiislmpleone.  HnlUpIv  i]| 
Ihe  nDDieinton  togelhei  for  i>  new 

be  Ibe  frution  Ktiwbt.'  If  mny 


i»nU&  I 
nbcrMheynmit 
lo  inproixt  frae- 


And  If  tb 

"'*,  To  ndDce  fnctioni,  kailnR 
different  denomlniilar^  lo  m  com- 


"S[  Lydnce  1,  |,  J,  mnd  [,  to 
Here  Ihe  eoDiiiion  moltiple  bein 


4  X4X7=.II3> nnmerMDr: 
1X4X8=    m) 

m..ce  fe,  iH™  A."' 


£i.  1.  Reduce  jVof  '  P»""'l  "> 
lliefracltgnoraiirthine. 
5*r  xyxVxf  =**?""' 


El.  I.  Thng  ^^  ^  -lOMSg,  «c. 

a.  AIM  T^-ft  =  ■BOTssai, 
II.  To  leduce  quuitidei  of  differ, 
fenl  de™lI?«"oei.    IM^et?a 


Or'  Ihe  u"e  niiiy'"^  «"«'»£ 
done,  u  lulJoxi :  Write  Ihe  i>vrn 
Kumben    rerpendlinl.rly   under 


3.  Rcdece  A  of  >  gnlDel  Id  the 

lion,   .nd  draw  ■  line   btlween 

fraction  of  aXJand. 

TV>^VxA=Ht<'f-i»""''- 

oppennoH  naiuber,  and  divide  it, 
u  ii  Dinal,  pointing  of  the  deci- 
mals, .hen  divide  by  the  lecond 

VI.  To  r«luce  u  iractiot  w  ... 

proper.  IntcgrHl  v.hie.     Multiply 

non.ber,  and  to  An  to  the  laH, 

tl>B  |»ru  in  the  neit  inferior  .J eud- 

which  vill  be  Ihe  deeimal  uught. 

Reduce  lit.  Sid.  I  ud  Ui.  l*id. 

esiioii  «nd  diviilon. 

to  dei;in>*lih 

£i.  1.  Find  thenlMofJarholf 

41  »                      41  a 

wjiTgiu    .           iolii«3 

•)9  1S    » 

0  HAn: 

III.  To  redoce  ■  d«^mal  w^^iW 

Dly  the  given  decimal  by  the  nam. 

Tlie  reduction  of  complex  frnt- 

.ion.  to  .io.pl.  o«,,  t."^™,  TO.. 

mination,  and  point  off  ai  many 
placet  to  llie  rlghi-hsnd  for  decl. 

Ihon  dividing  one  (iKlion  ty  aa- 

mal>,  at  there  are  in  the  original 

"'RTo.CT.OBofiJ.rtwifa.m.y  be 

nnmber:  Then  multiply  the  dcci- 
mall,  thui  cut  off,  hy  the  Bamhet 

divided  .nio  the  fuLloviiv  c-se.. 
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of  parts  in  the  next  les»  denomitia- 
tion,  reserving  afjain  the  same 
number  of  places  for  decimals ; 
multiply  these  again  in  the  same 
manner,  and  soon ;  then  the  figures 
separated  on  the  left-hand  will  ex- 
press the  valae  of  the. decimal  re* 
quired*  ' 

Ex.   Find  the  value  of  '7BM0  of 
a  pound  sterliiig. 

•78540 
99 


15*70920 
13 

0'91040 

4 


£•  4100    Ans,  15s,  9\d, 


Rkduction  of  Algebraic  Frac- 
tions, i%  performed  in  exactly  the 
same  manner  as  the  reduction  of 
couiraon  fractions;  it  will,  theie- 
t'ore,  be  useless  lo  repeat  the  rules ; 
•we  shall,  however,  for  the  sake  of 
illustration,  give  an  example  or 
two  in  each  case» 

1.  To  reduce  an  algebraic  frac* 
tion  to  its  simplest  form. 

r*  — ft* 
1.  Reduce   »       ...  „  to  its  lowest 


1.  Reduce  x  -{ ■     to  aa  um* 

proper  fraction. 

^    .     g«-f  g*       xy  +  ifi  +  jfi 

X  -\ —  =         I  as 

y  y 

required. 

2.  Again  1  -f  2  x  — 

^  — 3  _^0  -f  2t)5x—(j:~»)  _ 
4x  "~  9x  "~ 


10a^4-4ar-f  3 
5x 


as  re<iuired. 


3.  Thus  also  conversely 
an  4-2tf 


f^ 


a-t-y 

"'^'^'a  +  9   ' 

3.  To  reduce  fractions  to  a  com- 
mon denominator.  See  case  4. 
Common  fractions. 


1.  Reduce 


be  ,  a: 

2  a*  H  a*  y 


to 


terms. 

■T*  —  h* 

x'  —  b'^x^ 
a:^  +  6« 


{x^  —  bi)  x^ 


answer. 


2.  Reduce 

plest  form. 
afl  —  v'^ 


a-«  — 3/2 


a  common  denominator. 

Here  the  least  common  multiple 

of  the  denominators  being  2  a^'  y» 

we  have 

f»9      cay     ^    .  9  (fix 
■■>—         .  and   -■ 
Ua'9^2a*y^  2a*y 

for  the  fractions  required. 

2.  Reduce   — ,r«  and --^ • 

2  '  ^'  a  -\-  x^ 

to  a  common  denominator. 

Here  the  least  common  multiple 

ia  0  a  -\-  0  X,  therefore  the  fractious 

when  reduced  are 

3  tf  +  3  X    2  fl'«  +  2  ««  ar. 


and 


Xi 


y* 


to   its    sim. 


*•♦  —  y*       {x^  +  p^)  (a.-^  —  y) 
— —: — 7  as  required. 

*^  -H  y'^ 

In  these  examples,  the  factors 
of  the  terms  are  found  by  inspec- 
tion, and  the  reduction  is  there- 
fore very  simple  ;  but  if  this  be 
not  the  case,  the  greatest  common- 
divisor  must  be  found  by  the 
proper  rule,  and  both  terms  of  the 
fraciion  divided  by  it.  See  Di- 
visor. 

2.  To  reduce  a  mixed  algebrai 
cal  expression  to  an  improper  frac 
tion  ;  and  the  converse. 
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6a  +  «a;'6a  +  6a;    ^ 
6  g^  -f  6  arg 

6a  -}-  6x 

Reduction  of  SurdSp  is  the  me 
thod  of  reducing   a  surd,  or   irra 
lional  quantity,  to  its  most  simple 
form;  which   may  be  divided  into 
the  following  cases. 

1.  To  reduce  quantities  having 
different  indices  or  radicals,  to  one 
commofi  index.  Let  the  proposed 
radicals  be  represented  by  their 
proper  fractional  indices,  then  re* 
duce  these  fractions  to  a  common 
denominator,  which  will  be  the 
common  index  required,  the  nu- 
merators of  the  fractions  being 
made  the  powers  of  the  given 
quantities. 


(0"^-,  or  V  a',  ""<'  •■/  '^.  "*  *>" 


(b-J—,  ani  (ft-)-";  o' 
S,  11,  reduce  .urds  W  Iheir  iIb- 
Find  Ihe  eKMnlpowtreonliiin- 
ed  in  ihe  Bivm  snrti,  bv  dIvMine 
ii  tuecB»i»»ly  by  «11  the  powfin 
between  iuelf  u<d  nnliy  1  ""■  ''' 
e  rent  of  thii  powr-*-' — '— 


quiKlant,  with  Uie  .P™l^/,j™,'^  som 


nailer  scale  I  tbanEb  Ihe  lerai  it 

nuetlmet  i>»«l  indlire«nlly,  *lie. 

l^lhis  redaclion,  the 

,    — -  If  j^i     iwnrt"'" .ibeohw^,  for  which 


1.  TI.D 

VIM 

=v*ix£=avi. 

1.  Agi 

llffW 

=  f3.X_B=S*'9. 

s.  Al«. 

^/BBfl'i=V('aJ'X*i 

fl  v  *!■ 

4.  fTiu 

«L«V  (*»-..« ^)  =  «V 

o<.) 

S.  Agu 

t.   1/ 

>^^:=.^ 

^'IW^ 

>iv- 

^x8=iv«. 

6.  And 

^'-i 

=  ^'^=1«" 

luco 

npoan 

V 

a±V» 

V 

c±^t 

the  ml 

i'.-" 

.olliply  both  nnme 

•u  redw*  a  iiMP,.^S«".  •» 


"TErcrtfiT^M   forniins  lhe"« 

cT'snd  "  hVd  out  iiBai.i  aftet  Hn 
work  i>  finished.  Bui  a  more 
leidy  and  eoiivenleiii  w»y,  p«ni. 
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calarly  when  soch  redactions  are 
often  wanted,  is  to  keep  always 
ready  frames  of  ^aares  of  several 
■iises ;  for  then,  by  barely  placing 
theni  upon  the  papers,  the  cnr- 
respondinff  parts  may  be  readily 
co^ed.  These  squares  may  be 
made  with  fonr  inflexible  bars, 
atmng  across  with  horse-hair,  or 
the  like. 

Rx  DUCT  ION  to  the  Ecliptic  in 
AttroHomff,  is  the  difference  be- 
tween the  argument  of  latitude, 
and  an  arc  of  the  ecliptic  inter- 
cepted between  the  P)ace  of  a 
planet  and  the  node.  To  find  this 
redaction,  or  difference,  there  are 
given  in  a  rightpangled  spherical 
triangle,  the  angle  of  inclination, 
and  the  argument  of  latittfde  ;  to 
find  the  arc  of  the  ecliptic,  then 
the  difference  between  that  and  the 
argument  of  latitude  is  the  reduc- 
tion  sought. 

REFLECTION,  or  R^exion,  in 
"Mechanics,  is  the  return  or  regres- 
sive motion  of  a  moveable  body, 
arising  from  the  re-action  of  some 
other  body  on  which  it  impinges. 

The  reflection  of  bodies  after  im- 
pact, is  attributable  to  their  elastici* 
ty,  and  the  more  perfectly  they  pos- 
sess this  property  the  greater  will 
be  their  reflection,  all  other  things 
t  being  the  same.  In  case  of  per- 
fect elasticity  they  would  be  re- 
flocled  back  again  with  the  swtne 
velocity,  and  at  an  equal  angle 
with  which  they  met  ihe  plane; 
that  is,  the  angle  of  incidence 
would  be  equal  to  the  angle  of  re- 
flection, and  the  velocity  both  be- 
fore and  after  impact  would  be  the 
same,  at  equal  distance  from  the 
body  on  which  they  impinge.  See 
Incidkncb  and  Percussion.. 

RxPLBCTiON  of  the  Rays  of  Light, 
like  that  of  other  material  parti- 
cles, is  their  motion  after  being  re- 
flected from  the  surfaces  of  other 
bodies;  and  by  wliich  means  those 
bodies  become  visible.  For  the 
Jaws  of  reflection,  as  it  is  con- 
nected with  the  doctrine  of  optics, 
see  MiRROB. 

Rbflbction  of  Heat,  In  the 
same  manner  as  we  find  the  rays 
of  light  are  reflected  by  polished 
surfaces,  so  it  fs  found  that  the 
rays  of  caloric  have  precisely  the 
same  property.  The  Swedish  che- 
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mist  Scheele  discovered,  that  the 
angle  of  reflection  of  the  rays  of 
caloric  is  equal  to  the  angle  of  m* 
cidence,  a  fact  which  has  been 
more  fully  established  by  Dr. 
Uerschell.  Some  very  interesting 
experiments  were  made  by  Pro- 
fessor Piclet  of  Geneva,  which 
proved  the  same  thing.  These  ex- 
periments were  conducted  in  th« 
following  manner:  two  concave 
mirrors  of  tin,  of  nine  inches  fo- 
cus, were  placed  at  the  distance 
of  twelve  feet  two  inches  from 
each  other;  in  the  focus  of  the 
one  was  placed  the  bulb  of  a  ther- 
mometer, and  in  that  of  the  othet 
a  ball  of  iron  two  inches  in  diame- 
ter, which  was  just  heated,  so  as 
not  to  be  visible  in  the  dark.  In 
the  space  of  six  minutes  the  ther- 
mometer rnse  SS*.  A  similar  effect 
was  produced  by  substituting  a  light- 
ed candle  in  place  of  the  ball  of 
iron. 

Supposing  that  both  the  light 
and  heat  might  act  in  the  last  ex- 
periment, he  interposed  between 
the  two  mirrors  a  plate  of  glass, 
with  the  view  of  separating  the 
rays  of  light  from  those  of  caloric. 

The  rays  of  caloric  were  thus  in- 
terrupted by  the  plate  of  glass,  but 
the  ravs  of  light  were  not  percep- 
tibly diminished.  In  nine  minutes 
the  thermometer  sunk  W ;  and  in 
seven  minutes  after  the  glass  was 
removed,  it  rose  about  12".  He 
therefore  justly  concluded,  that 
the  caloric  reflected  by  the  mirror, 
was  the  cause  of  the  rise  of  the 
thermometer.  He  made  another 
experiment,  substituting  boiling- 
water  in  a  glass-vessel  in  plaice  of 
the  iron  ball;  and  when  the  ap- 
paratus was  adjusted,  and  a  screen 
of  silk  which  had  been  placed 
between  the  two  mirrors  removed, 
the  thermometer  rose  3" ;?  narmeiy, 
front  47^  to  50".  The  experiments 
were  varied  by  removing  the  tin 
mirrors  to  the  distance  of  90  inches 
from  each  other.  The  glass  vessel, 
with  boiling  water,  was  placed  in 
one  focus,  and  a  sensible  ther- 
mometer in  the  other.  In  the 
middle  space  between  the  mirrors, 
there  was  suspended  a  common 
glass  mirror,  so  that  either  side 
could  be  turned  towards  the  glasa 
vessel.    When  the  pplishcd  side  of 
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iliis  mirror  was  tqmed  towards 
the  glass  vessel,  tlie  thermometer 
rose  only  five^teuths  of  a  degree ; 
bat  when  the  other  side,  which 
was  darkened,  was  turned  towards 
the  glass  vessel,  the  thermometer 
rose  3"  5^.  And  in  another  experi- 
ment,  performed  in  the  same  way, 
the  thermometer  rose  3*  when  the 
polisiied  side  of  the  mirror  was 
tnrned  to  the  glass  vessel,  and  0° 
when  the  other  side  was  tamed, 
which  experiments  show  clearly, 
that  the  rays  of  caloric  are  -re- 
flected from  polished  sarfaces,  as 
well  as  the  rays  of  light.  Trans- 
parent bodies  have  the  power  of 
refracting  the  rays  of  caloric,  as 
well  as  those  of  light.  They  differ 
also  in  their  refrangibilily.  So  far 
as  experiment  goes,  the  rooHt  of 
the  rays  of  caloric  are  less  refran- 

fible  than  the  red  rays  of  light, 
he  experiments  of  Dr.  Herschel 
show  tiiat  the  rays  of  caloric,  from 
hot  or  burning  bodies,  as  hot  iron, 
hot  water,  fires,  and  candles,  are 
refrangible,  as  well  as  the  rays  of 
caloric,  which  are  emitted  by  the 
sun.  Whether  all  transparent  bo< 
dies  have  their  power  of  trans- 
mitting these  rays,  or  what  is  the. 
difference  in  the  refractive  power 
of  these  bodies,  is  not  yet  known. 
The  light  which  t>roceed8  from 
the  son  seems  .  to  be  composed  of 
three  distinct  substances.  Scheele 
discovered  that  a  glass  mirror  held 
before  the  fire,  reflected  the  rays 
of  light,  but  not  the  rays  of  ca- 
loric ;  but  when  a  metallic  mirror 
was  placed  in  the  same  situation, 
both  heat  and  light  were  reflected. 
The  mirror  of  glass  became  hot  in 
a  short  time,  but  no  change  of 
temperature  took  place  on  the  me- 
tallic mirror.  Tliis  experiment 
shows  that  the  glass  mirror  ab- 
sorbed the  rays  of  caloric,  and  re- 
flected those  of  light;  while  the 
metallic  mirror,  suffering  no  change 
of  temperature,  reflected  both. 
And  if  a  plate  of  glass  be  held  be- 
fore a  burning  body,  the  rays  of 
light  are  not  sensibly  interrupted, 
but  th^  rays  of  caloric  are  inter- 
cepted ;  for  no  sensible  heat  is  ob- 
served on. the  opposite  side  of  the 
glass;  bat  when  the  glass  has 
reached  a  proper  degree  of  tem- 
fcratare,  the  rays  of  caloric  are 
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transmitted  with  the  same  facility 
as  those  of  lighL  And  thus  the 
rays  of  light  and  caloric  may  be 
separated;  and  the  curious  ex- 
periments of  Dr.  Herschel  have 
clearly  proved,  that  the  invisible 
rays  which  are  emitted  by  the  sun 
have  the  greatest  heating  powet. 
In  these  experiments  the  different 
coloured  rays  were  thrown  on  the 
bulb  of  a  very  delicate  thermome- 
ter, and  their  heating  power  was 
observed.  That  of  the  violet, 
green,  and  red  rays  were  found  to 
be  to  each  other  as  the  following 
nambers : 

Violet. 16    0 

Green 23    4 

Red 55    0 

The  heating  power  of  the.  most  re» 
frangible  rays  was  least,  and  this 
increases  as  the  refrangibilily  di- 
minbhes.  The  red  ray,  therefore, 
has  the  greatest  heating  power, 
and  the  viole^  which  is  the  most 
refrangible,  the  least.  The  illu- 
minating power,  it  has  been  al- 
ready observed,  is  greatest  in  the 
middle  of  the  spectrum,  and  di- 
minishes towards  both  extremities ; 
but  the  heating  power,  which  is 
least  at  the  violet  end,  increases 
from  that ;  to  the  red  extremity, 
and  when  the  thermometer  was 
placed  beyond  the  limit  of  the  red 
ray,  it  rose  still  higher  than  in  the 
red  ray,  which  has  the  greatest 
heating  power  in  the  spectrum. 
The  heating  power  of  these  in* 
visible  rays  was  greatest  at  the 
distance  of  half  an  inch  beyond 
the  red  ray,  but  it  was  sensible  at 
the  distance  of  one  inch  and  a  half. 
REFLECTOIRE  Curve,  is  a  term 
given  by  Mairan  to  the  curvilinear 
appearance  of  the  plane  surface 
of  a  bason  containin|;  water  to  an 
eye  placed  perpendicularly  over 
it.  in  this  position  the  bottom  of 
the  bason  will  appear  to  rise  up- 
wards from  the  centre  outwards, 
but  the  curviture  will  be  less  and 
less,  and  at  last  the  surface  of  the 
water  will  be  an  asymptote  to  it. 

REFRACTED  AngU,  or  Ati^le  of 
Refraction,  is  the  angle  which  a 
refracted  -ray  makes  with  the  sur- 
face of  the  refracting  body.  The 
complement  of  this  angle  is,  how* 
ever,  sometimes  called  the  re* 
fracted  angle. 
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REFRACTION,  in  Medumies,  is 
the  devialion  of  a  body  in  moiioii 
from  its  direct  coane,  in  conse- 
quence of  the  variable  density  of 
the  DiediuDis  in  which  It  moves. 
This,  however,  except  in  speaking 
of  the  rays  of  iigbt,  is  more  coiu- 
monly  called  defiectioH, 

Rbfra&tion  of  Light*  If  the 
rays  of  light,  after  passing  through 
medium,  enter  another  of  a  dif- 
ferent density  perpendicular  to  its 
surface,  they  proceed  through  this 
medium  in  the  same  direction  as 
before.  But  if  tliey  enter  ob. 
liquely  to  the  surface  of  a  medium, 
either  denser  or  rarer  than  what 
they  moved  in  before,  they  change 
their  direction  in  passing  through 
that  medium.  If  the  medium  which 
they  enter  be.  denser,  they  move 
through  it  in  a  direction  nearer  to 
the  perpendicular  drawn  to  its 
surface.  On  the  contrary,  when 
light  passes  out  of  a  denser  into  a 
rarer  medium,  it  moves  in  a  di- 
reetion  farther  from  the  perpendi- 
cular. This  refraction  is  greater 
or  less,  that  is,  the  rays  are  more 
or  less  bent  or  turned  aside  from 
their  course,  as  the  second  medium 
through  whfch  they  pass  is  more 
or  less  dense  than  the  first.  Thus, 
for  instance,  light  is  more  refracted 
in  passing  from  air  into  glass,  than 
from  air  into  water;  glass  being 
denser  than  water.  And  in  general, 
in  any  two  given  media,  the  sine  of 
the  angle  of  incidence  has  a  con- 
stant nitio  to  the  sine  of  the  cor- 
responding angle  of  refraction. 
Hence,  when  the  angle  of  inci- 
dence is  increased,  the  correspond- 
ing angle  of  refraction  is  also  in- 
creased ;  and  if  two  angles  of 
incidence  be  equal,  the  angles  of 
refraction  w»ll  be  equal.  The 
angle  of  deviation  must  also  vary 
with  the  angle  of  incidence.  If  a 
ray  of  light  pass  obliquely  out  of 
air  into  glass,  the  sine  of  tlie  angle 
of  incidence,  is  to  the  sine  of  the 
angle  of  refraction,  nearly  as  3  to 
t ;  therefore,  supposing  the  sines 
proporiional  to  the  angles,  the  sine 
of  the  angle  of  deviation,  is  as  the 
difference  between  the  sine  of  the 
angle  of  incidence  and  the  sine  of 
the  angle  of  refraction,  that  is,  as 
3 — 2,  or  1,  whence  the  sine  of  in- 
cidence is  to  liie  sine  of  the  angle 
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of  deviation  as  3^  to  1.     In  like 
manner  it   may   lie   shown,   that 
when  the  ray  passes  obliquely  out 
of  gla.ss  into  air,  the  tine  of  the 
angle  of  inoideuoe  wilt  be  to  that 
of  deviation,  as  3  to  1.    In  passnig 
from  air  into  water,  the  sine  of  the 
angle  of  incidence  is  to  that  of  re- 
fraction, as  4  to  3,  and  to  that  of  de> 
vialion,  as  4  to  4  — 8,  or  1 ;  and  in 
passing  out  of  water  into  air,  the 
sine  of  the  angle  of  incidence  is  to 
that  of  refraction,  as  3  to  4,  and  to 
that  of  deviation  as  3  to  I.    Hence 
a  ray  of  light  cannot  pass  out  of 
water  into  air  at  a  greater  angle  of 
incidence  than  48**  SIV,  the  sine  of 
which  is  to  radius  as  3  to  4.    Out 
of  glass  into  air  the  angle  must  not 
exceed  40"  11/,  because  the  sine  of 
40°  11/  is  to  radius  as  9  to  3  nearly ; 
consequently,  when  the  sine  has  a 
greater  proportion   to  the   radius 
than  that  above  stated,   the   ray 
will  not  be  refracted.    And  it  may 
be  observed,  tliat  when  the  angle 
is  within  the  limit  for  light  to  be 
refracted,  some  of  the  rays  will  be 
reflected.    For  the  surfaces  of  all 
bodies  are  for  the   most  part  nn- 
event  which  occasions  the  dissipa- 
tion of  much  light   by  the   most 
transparent  bodies ;  some  being  re- 
flected, and   some   refracted,   by 
the  inequalities  on   the  surfaces. 
Hence  a  person  can  see  through 
water,  and  his  image  reflected  by 
it,  at  the  same  time.    Hence  also, 
in  the  dusk,   the   furniture   in    a 
room  may   be  seen  by  the  reflec- 
tion of  a  window,  while  objects 
that  are  without  are  seen  through  it. 
To  prove  the  refraction  of  light, 
take  an  upright  empty  vessel  into 
a  dark  room ;  make  a  small  hole 
in  the  window-shutter,  so  that   a 
beam   of  light  may  fall  upon  the 
bottom,  where  you  may  make  a 
mark.    Then  flll   the   bason  with 
water,  without  moving  it  out  of  its 
place,  and  you  will  see  that  the 
ray,  instead   of  falling  upon  the 
mark,  will  fall  nearer  the  centre 
of  the  basin.  If  a  piece  of  looking- 
glass  be  laid  in  the  bottom  of  the 
vessel,  the  light  will  be  reflected 
upon  it,  and  will   be  observed  to 
suffer  the  same   refraction  as   in 
coming  in  ;  only  in  a  contrary  di- 
rection.   If  the  water  be  made  a 
little  muddy,  by  putting  into  it  a 
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l^w  dro}is  of  milk,  and  if  the  room 
he  filled  with  dust,  tlie  rays  will 
be  rendered  macti  more  visible. 
The  same  may  be  proved  by  an> 
other  experiment.  Put  a  piece  of 
money  into  the  basou  when  empty, 
and  walk  back  till  you  have  Just 
lost  sight  of  the  money,  which  will 
be  hidden  by  the  edge  of  the  ba- 
son. Then  ponr  water  into  the 
bason,  and  you  will  see  the  pioney 
distinctly,  tiiough  you  look  at  it 
from  the  same  spot  as  before ; 
and  hence  it  is  that  a  straight  oar, 
when  partly  immersed  iu  water, 
will  appear  bent. 

If  the  rays  of  light  fall  upon  a 
piece  of  flat  glass,  they  are  relract> 
ed  into  a  direction  nearer  to  the 
perpendicular,  as  described  above, 
while  they  pass  through  the  glass ; 
but  after  coming  again  into  air, 
they  are  refracted  as  much  in  the 
contrary  direction ;  so  that  they 
move  exactly  parallel  to  what 
they  did  before  entering  the  glass. 
But  on  account  of  the  thinness  of 
the  glass,  this  deviation  is  generally 
overlooked,  and  it  is  considered  as 
passing  directly  through  the  glass. 

Atmospherical  Rbfbaction.  It 
is  evident  from  the  nature  and 
progression  of  light,  that  rays,  in 
passing  from  any  object  through 
the  atmosphere,  or  part  of  it,  to 
the  e^'e,  do  not  proceed  in  a  ri^ht 
line  :  but  the  atmosphere  being 
composed  of  an  infinitude  of  strata, 
^if  we  may  so  call  them)  whose 
density  increases  as  they  are  po- 
sited nearer  the  earth,  the  lu- 
minous rays  which  pass  through  it 
are  acted  on  as  if  they  passed  8uc•^ 
cessively  through  media  of  in* 
creashig  density,  and  are  therefore 
inflected  more  and  more  towards 
the  earth  as  the  density  augments. 
in  consequence  of  this  it  is,  that 
rays  from  objects,  whether  celes- 
tial or  terrestrial,  proceed  in  curves 
which  are  concave  towards  the 
earth ;  and  thus  it  happens,  since 
the  eye  always  refers  the  place  of 
ok^ects  to  the  direction  in  which 
the  rays  reach  the  eye,  that  is,  to 
the  direction  of  the  tangent  to  the 
curve  at  that  point,  tliat  the  ap- 
iparent  or  observed  elevations  of 
objects  are  always  greater  than 
the  true  ones.  The  difference  of 
Uiese  elevations,  which  is  in  fact. 
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the  effect  of  refraction,  is,  for  the 
sake  of  brevity,  called  relraciion  ; 
and  it  is  distinguished  into  two 
kinds,  horizontal  or  terrestrial  re- 
fraction, being  that  whicli  efi'ects 
tlie  altitude  of  hills,  towers,  and 
other  objects  on  the  earth's  sur- 
face :  and  astronomical  refraction, 
or  tiiat  which  is  observed  with  re- 
gard to  the  altitudes  of  heavenly 
bodies.  Refraction  is  found  to 
vary  with  the  state  of  the  at- 
mosphere, in  regard  to  heat  or  cold, 
and  humidity,  so  that  determina- 
tions obtained  for  one  state  of  the 
atmosphere  will  not  answer  cor- 
rectly for  another  without  modi- 
fication. Tables  commonly  ex- 
hibit the  refraction  at  different  lati- 
tudes, for  some  assumed  mean  state. 

2.  With  regard  to  the  horizunial 
refraction,  the  following  method 
of  determining  it  has  been  succes- 
sively practised  in  the  English 
Trigonometrical  Survey. 

Let  {Plate  VI.  fig.  0)  A,  A',  be  two 
elevated  stations  on  the  surface  of 
the  earth,  B  D  the  intercepted  arc 
of  the  eartli's  surface,  G  the  earth's 
centre,  A.W  A/H,  the  horizontal 
lines  at  A,  A/,  produced  to  meet 
the  opposite  vertical  lines  C  H',  C  H. 
Let  a,  0lt  represent  the  apparent 
pUces  of  the  objects  A,  A',  then  is 
0/  A  A'  the  refraction  observed  at 
A,  and  a  A/  A  the  refraction  ob- 
served at  A' ;  and  half  the  sum  of 
those  angles  will  be  the  horizontal 
refraction,  if  we  assume  it  equal  at 
each  station. 

Now  an  instrument  being  placed 
at  each  station  A,  A/,  the  recipro- 
cal observations  are  made  at  the 
sAme  instant  of  time,  whiph  is  de- 
termined by  means  of  signals,  or 
watches  previously  regulated  for 
that  purpose ;  that  is,  the.observer 
at  A  takes  the  apparent  depressioa 
of  A^  at  the  same  moment  that  the 
other  observer  takes  the  apparent 
depression  of  A. 

In  the  quadrilateral  ACA/T,  the 
two  angles  AA^  are  right  angles, 
and  therefore  the  angles  1  and  G 
are  together  equal  to  two  right 
angles :  but  the  three  angles  of 
the  triangle  lAAl  are  together 
equal  to  two  Tight  angles;  and 
consequently  the  angles  A  and  A/ 
are  together  equal  to  the  angle  G 
which  is  measured  by  the  arc  B  D 
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If  therefore  the  sum  of  the  twoi 
iHiprewions  HA/ a,  H'AA',  ur» 
Jirhich  iseqaivalent,  from  the  angle 
G  (which  is  known,  because  its 
measure  BD  is  known);  the  re> 
mainder  is  the  snm  of  tne  two  de- 
pressions from  the  measnre  of  the 
intercepted  terrestrial  arc,  half 
the  remainder  is  the  refraction. 

3.  If  by  reason  of  Che  minate- 
ness  of  the  contained  arc  B  D,  one 
of  the  objects,  instead  of  being  de- 
pressed, appears  elevated,  as  sup- 
pose A'  to  a" ;  then  the  sum  of  the 
angle  a"  A  A/,  and  a  A'  A  will  be 
greater  than  the  sum  I A  A/  +  I  A' A, 
or  Uian  C,  by  the  angle  of  eleva- 
tion«"  A  A/ ;  but  if  from  the  former 
snm  there  be  taken  the  depresftion 
H  A/  A,  there  will  remain  the  sum 
of  the  two  refractions.  So  that  in 
this  case  the  rule  becomes  as  fol- 
lows: take  the  depression  from 
the  sum  of  the  contained  arc  and 
elevation,  half  the  remainder  is 
the  refraction. 

4.  The  quantity  of  this  terrestrial 
refraction  is  estimated  bv  Dr. 
Maskelyne  at  one  tenth  of  the  dis- 
tance of  the  object  observed,  ex- 
pressed in  degrees  of  a  great  cir- 
cle. 80  if  tlie  disunce  be  10000 
fathoms,  its  tentli  part,  1000  fa^ 
thorns,  is  the  sixtietli  part  of  a 
degree  of  a  great  circle  on  the 
earth,  or  1',  which  therefore  is  the 
refraction  in  the  altitude  of  the 
object  at  that  distance. 

-  But  M.  Legendre  is  induced,  he 
says,  by  several  experiments,  to 
allow  only  ^^ih  part  of  the  dis- 
tance for  the  refraction  in  altitude. 
So  that  on  the  distance  of  10000 
fathoms,  the  fourteenth  part  of 
which  is  714  fathoms,  he  allows 
only  44"  of  terrestrial  refraction,  so 
many  being  contained  in  the  714 
fathoms.  See  his  Memoir  con- 
cerning the  Trigonometrical  Ope- 
rations, &c. 

Again,  M.  Delambre,  an  able 
French  astronomer,  makes  the 
quantity  of  the  terrestrial  refrac- 
tion to  be  the  eleventh  part  of  the 
arc  of  distance.  But  the  English 
measurers,  especially  Col.  Mudge, 
from  a  multitude  of  exact  observa- 
tions, determine  the  quantity  of 
the  medium  refraction  to  be  the 
twelfth  part  of  the  said  distance. 

The   quantity  of  thib  rcfractiuU; 
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however,  is  found  to  vary  ponsi 
derably  with  the  different  suites  of 
the  weather  and  atmosphere,  from 
the  Ith  to  the  ^th  of  ilie  comaio- 

ed  arc.    Trigonometrical  Survey, 
vol.  i.  p.  100,  355, 

Having  thus  given  the  mean  re- 
sults of  observation  on  the  ter- 
restrial refraction,  it  may  not  be 
amiss,  though  we  cannot  enter  at 
large  into  the  investigation,  to 
present  here  a  correct  table  of 
mean  astronomical  refractions. 
The  table,  which  has  been  most 
commonly^given  in  books  of  astro- 
nomy, is  Dr.  Bradley's,  computed 
from  the  formula  r  =  57'^  X  cot. 
(a  -\-  3^)  where  a  is  the  altitude,  f 
tlie  refraction,  and  r  =  3/  35'^,  wiwen 
a  =  20". 

But  it  has  been  found  that  the 
refractions  thus  computed  are  ra- 
ther too  small.  Laplace,  in  his 
"  Mecaniqne  Celeste,"  tom.  iv.  jp. 
ST,  deduces  a  formula  which  u 
strictly  similar  to  Bradley's ;  for 
it  is  r  =  m  X  tan.  {x  —  nr)  where 
X  is  the  zenith  distance,  &c.  m  and 
H  are  two  constant  quantities  to 
be  determined  from  observation. 
The  only  advantage  of  the  latter 
formula  over  the  one  given  by  tiie 


English  astronomer  is,  that  La- 
place and  his  colleagues  have  found 
more  correct  co-efficients  Uiau 
Bradley  had 

Now,  if  R  =  5r».5957705,  the  arc 
equal  to   the  radius,  if  we  make 

tc  R 
m  =  —  (where  A  is  a  constant 
n 

co-efficient,  which,  as  well  as  n,  is 

an  abstract  number)  the  preceding 

equation  will  become 

w»*        .  -  » 

-— -  =  Ac  X  tan.  (z  —  nr). 
It 

Here  the  refraction  r  is  always 
very  small,  as  welt  as  the  collec- 
tion 71  r,  the  trigonometricul  tan- 
gent of  the  arc  nr  may  be  substi- 

nr 
tuted    for  -r--  ;  thus  we  shall  have 
Jn. 

tan.  nr  =  A:  X  tan.  (z—  n  r). 

But  « r  =  i «  — (i «  —  nr),  and  z 
—  7ir  =  4s-{-  (^2  —  nr)  ;  conse- 
quently 

/z    z—l  w  r 

tan.j 

\i  1 


tan.wr 


-) 


tan.  (s — nr)      ia»i. 
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each  against  the  plane,  and  both 
these  quantities  varyuig  ns  the  ve- 
lociiy ,  the  resistance  which  w  mea- 
sured by  this  product  must  vary  as 
the  square  ot  tlie  velocity.  We 
here  suppose  the  plane  of  the  body 
to  be  perpendicular  to  its  direc* 
tlon  ;  but  \t\  instead  of  being  so,  it 
is  inclined  to  it  iii  aivy  given  angle, 
then  the  resistance  of  the  plane  in 
the  direction  of  the  motion  will  be 
diminished  in  the  ratio  of  1,  to  the 
sine  cubed  of  the  angle  of  incliiiap 
tion. 

Hence,  making  the  velocity  =  v, 
the  area  of  ihe  plane  =  a,  the  spe- 
cific gravity  of  the  fluid  =■  n,  the 
I'orce  of  gravity  321  feel  =  ^;  then 

the  altitude  due  to  VUe  velocity  v 

being--—  ;  the  whole  resistance  or 
2ff 

motive  force  m,  will  be  expressed 
by  the  following  formula  : 
v^        anif* , 
m=anx  r-  =  -: —   .  or  = 

an  i/*ffS 

'if 
when  the  plane  is  not  perpendicu- 
lar to  the  line  of  its  motion. 

Ife/'be  made  to  represent  the 
weight  of  the  body,  and  /  the  re- 
tarding force;  then  on  the  same 
principles  we  derive 

If  the  body  be  a  cylinder  mov- 
inii  in  the  direction  ot  its  axis,  and 
the  diameter  of  its  base  =  d,  or 
radius  r,  and  ^  =  3'14I6»,  Ac.  then 

u>         Sgw  "igtc 

But  if  the  body  be  a  cone,  then 
the  same  notation  remaining,  only 
.writing  f  for  the  sine  of  the  angle 
of  inclination  of  the  side  of  the 
cone,  then 

/=-  = = 

fo         sgw  %ew 

For  in  this  case  the  inclination 
has  no  efl'ect  in  reducing  the  sec- 
tion apposed  to  the  resistance  of 
the  fluid,  this  being  the  same  as 
in  the  cylinder,  and  therefore  will 
vary  as  4f"^.  I 
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The  same  notation  still  remain- 
ing, it  is  found  from  a  Hnxional  in- 
vestigation that  the  resistance  tu 
the  body,  when  terminated  with  a 
hemispherical  surface,  is, 

\Vf  idgro  ^gw 

that  is,  half  what  it  is  when  the 
end  is  a  plane  sui  face. 

Hence  the  resistance  to  a  sphere 
impelled  through  any  fluid  is  equal 
to  lialf  the  direct  resistance  to  » 
great  circle  of  it,  or  to  a  cylinder 
of  the  same  diameter. 

Since  i<ireP,  is  the  magnitude  of 

the  globe ;  if  N  denotes  it^  density 
or  specific  gravity,  its  weight  ft' 
=  1  «•  <^  N,  and  tliei  efore  the  re- 

tardive  force 

m     me  ntfld^ 

/=-  = X 

w         16g 


6 


Nrf» 


— r— r  = where  5  is  the  space 

b-gJsd        igs  ^    . 

described;  ior2/^*  =  i^,  by  the 

laws  of  accelerated   or  retarded 

motions. 

Hence  we  have  *=  —  x   «d,* 

n        3 

which  is  the  space  that  would  be 
described  by  the  globe,  while  its 
whole  motioa  is  generated  or  des- 
troyed by  a  constant  force,  which 
is  equal  to  the  force  of  resistance, 
if  no  other  force  acted  on  the  globe 
to  continue  its  motion.  And  if  the 
density  of  the  flnid  were  equal 
to  that  of  the  globe,  the  resisting 
force  is  such  as,  acting  constantly 
on  the  globe  without  any  other 
force,  would  generate  or  destroy 
ils  motion  Jin  describing  the  space 
^d,  or  I  of  its  diameter,  by  that  ac- 
celerating or  i-etarding  force. 

Hence  the  greatest  velocity  that 
a  ball  will  acquire  by  descending 
in  a  fluid  by  means  of  its  relative 
weight  in  that  fluid,  will  be  found 
by  making  thercsistuig  force  equal 
to  that  weight.  For,  after  the  ve- 
locity has  arrived  at  such  a  degree, 
that  the  resisting  force  is  equal  to 
the  weight  that  urges  it,  it  will  in> 
crease  no  longer,  and  the  globe 
will  then  continue  to  descend  witk 
an  uniform  velocity. 
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flow  N  and  n  being  the  «eparate 
f|>ecilic  graviiies  of  the  globe  and 
^uid,  N — H  will  be  Ot*  relative 
gravity  of  the  globe  in  the  fluid, 

und  therefore  »  =  {  «  rf^  (N  — «)  i» 
ihe  inreight  by  wluch  it  is  urged, 

«i;5  -t;t~  is  ibe  resistance ;  con- 


Itfg 


•cqnently     "^       ^l^dT^  (N— ») 

vhen  the  velocity  becomt-s  um 
/orm ;  whence  we  obtain 

|br  the  anilorm  or  greatest  velocity 
i)£  the  globe. 

Thus,  for  example,  if  a  leaden 
ball  1  inch  in  diaiiieier  descend  in 
:water,  aod  in  air  of  the  same  den. 
^ity  as  at  the  earth's  surface ;  tlie 
three  specific  graviiies  beiug,  lead 

f=  nj,  water  =  1,  and  air=^; 

-pien 

«=  ^  ^«  X  S2i  X  ~  X  lOi]  = 

f*5M4  feet    per   second,   for  the 
greatest  velocity  in  water ;  and 

ps  250  82  feet  per  second,  for  the 
greatest  velocity  in  air. 

But  as  this  velocity,  all  other 
lihings   being  the  same,  varies  as 

^d,'  it  follows  that  a  ball  of  i^ 
of  an  inch  diameter,  would  only 

acquire   velocities  -/sth    of    those 
given  above. 

It  is  obvious,  however,  that  all 
the  precpdiug  results  arc  deduced 
upon  an  hypothesis  which  cannot 
jobtain  in  real  practice  ;  because  it 
supposes  fii'st,  that  ttie  medium  in 
which  the  body  moves,  falls  in  be- 
|iiud  the  body  in  motion  as  fast  as 
this  iu6ve$  forward,  and  that  the 
body  is  therefore  always  in  equi- 
Ubrio  with  regard  to  the  pressure 
of  the  mediiim,  which  it  is  evi- 
dent cannot  be  the  case  except 
vrhen  jLlie  veloci,ty  is  very  sni^ll. 
%t  has  moreover  no  reierence  to 
Itny  other  resistance  than  that 
Vhich  arises  from  the  inertia  of 
^he  particles  of  the  fluid.  AihI 
/arther*  these  particle»  are  sup> 
ppe^d  tP  b«  sa  constituted  that 
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after  the  body  strikes  theiii,  Ihe 
action  of  these  uartieles  enurely 
cease ;  whereas  the  partieles  after 
they  are  struck  mast  necessarily 
diverge  and  act  upon  other  parti- 
cles behind  thera.  On  all  of  which 
accounts  therefore  there  mast  ne- 
cessarily be  considerable  difference 
between  the  tlieory  and  practice. 

By  means  of  these  principles. 
Dr.  Hatton  investigates  the  heicht 
to  which  a  body  will  ascend  that 
is  projected  perpendicularly  ap» 
wards  wiili  any  given  velocity, 
supposing  the  air  to  be  nniformly 
of  the  same  density  as  at  the  sui^ 
face  of  the  earth,  trom  which  he 
dnds  the  greatest  height  is 

t^— 150  V +21090  d 

A  =  hyp.  log. -• 

X  330 d  where  d  is  the  diameter, 
and  V  the  velocity  of  projection. 

Hence,  supposing  the  ball  to  be 
one  belonging  to  the  first  table  of 
rcsislunues,  its  weight  being  16  oz* 
13  dr.  or  1*06  lb.  and  its  diameter 
1*965  Inches;  and  the  velocity  of 
the  projection  2000  feet  per  se- 
cond ;  the  height  to  which  it  will 
rise  is  2^20  feet,  whereas,  without 
considering  the  resistance  of  tlie 
air,  the  projectile  theory  would 
give  12  miles  for  the  height  du9 
to  that  velocity. 

If  the  resistance,  instead  of  de* 
pending  upon  the  function  of  the 
velociLv,  be  taken  as  the  square  of 
the  velocity,  the  expression  for 
the  height  becomes 

* = it::  ^  **>!*•  ^°«^-  — ::; — 

•iga  w 

where  to  is  the  weight  of  the  ball 

a  =  '0P0O25j;  g  the  force  of  gra- 
vity, and  V  =  the  velocity  of  pro- 
jection. 

When  tljie  height  is  given  and 
the  time  is  required,' this  is  found 
from  the  formula, 

1  to 

<  =  —  X  *J  —  X  arc  to  tang. 
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the    letters   indica- 


ting the  same  quantities  as  before* 
Holid  oj  Least  Resistance.— This 
is  oue  ot  the  simples  of  the  class 
of  problems,  commonly  called 
isoperimetrical, 

RESOLUTION  of  Equations,  in 
Algebra,  is  the  detennination   of 
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Uie  valnes  of  tite  nnknnvrn  letters 
or  qaantilies  of  which  the  equa- 
tion is  composed ;  hi  order  to 
\vhich,  it  is  necessary,  first  to  ex- 
tenniiiute  or  eliminate  all  the  un- 
known quantities  but  one  out  of 
the  equation,  and  then  the  value 
of  the  remaining  quantity  is  to  be 
found  by  tkie  proper  roles  for  this 
pu|:pose,  viz.  by  the  rules  given 
tor  Simple  Quadratic^  Cubic,  or 
Biqttadratic  KquatiotiSf  according 
lo  which  of  these  it  may  belong  ; 
or,  by  the  general  method  of  Ap- 
jproximation,-'Brxl  all  these  cases 
having  reference  only  to  one  an< 
known  quantity,  it  will  not  be 
amiss  in  this  pUce  to  explain  some 
of  those  methods  which  are  most 
commonly  employed  for  reducing 
equations  to  this  state. 

First  it  may  be  observed,  that  in 
any  determinate  problem,  there 
are  always  as  many  equations  in* 
dependent  of  each  other  as  there 
are  unknown  quantities;  if  there 
are  not  so  many,  the  question  is 
indeterminate;  and,  if  there  be 
more,  it  is  impossible. 

We  cannot,  in  a  limited  article 
like  the  present,  give  all  the  me- 
thods that  may  be  employed  for 
exterminating  the  unknown  le^ 
ters,  which  are  extremely  various* 
and  depending  much  upon  the 
]>ractice  and  proficiency  of  tlie 
analyst  himself,  and  the  manner  in 
vrhich  the  most  applicable  and 
general  methods  ot  eliminating 
the  unknown  quantities  are  the 
three  following : 

1.  Find  the  value  of  one  and  the 
same  unknown  quantity  in  each 
equation,  and  put  all  these  values 
equal  to  each  other,  which  will 
eliminate  one  of  the  quantities, 
and  reduce  the  number  of  equap 
tions  to  one  less.  Then  do  the 
same  in  these  it^w  equations ;  and 
again  in  tlie  last,  and  so  on,  till 
there  be  but  one  equation  and  one 
unknown  quantity,  the  value  of 
which  mast  be  found  by  the  pro- 
per rules,  as  above  referred  to.    . 

2.  Find  the  value  of  one  of  the 
unknown  quantities  in  one  of  the 
equations  ni  terms  of  the  other 
quaniities ;  then  substitute  this 
value  fur  that  quantity  in  all  the 
other  equations.  Again,  find  the 
value  nf    one  of  the    remaining 
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qoantilies,  and  subsliinte  its  value 
as  before,  and  so  on,  tifl  there  re-> 
main  bat  one  equation  and  one 
unknown  quantity,  whose  vidue 
is  to  be  found  as  before. 

3.  Multiply  each  of  the  equa« 
tions  by  such  a  number  as  will 
render  the  co-efiicients  of  one  of 
the  letters  the  same  in  all,  then 
by  adding  or  subtracting  these 
equations,  according  as  the  equal 
co-eflicients  have  unlike  or  like 
signs,  the  quantity  whose  co-effi- 
cients were  equal  will  disappear! 
which  being  repealed  again  upon 
the  remaining  quantities,  there  will 
ultimately  be  loantl  only  one  equa« 
tion  and  one  unknown  quantity* 
If  any  of  the  unknown  quantities 
have  fractional  co-efficients,  ihef 
whole  equations  In  which  they 
are  found  should  be  multiplied  by 
such  a  number  as  will  convert 
these  fractions  into  integers* 

Thus,  in  tlie  equations^ 

X-\-  i9  =3  05 
Multiply  the  first  by  19  and  tlw 
latter  by  2,  gives 
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f9ar-)-Sy  =  1fta 


X  4- ay  =190 

The  solntion  of  which,  hy  each 
of  the  preceding  rules,  will  be  a« 
follows. 

Or  putting  letters  instead  of  th« 
above  numerical  co-efficients,  in 
order  to  render  the  solutiona  mora 
general,  let  there  be  given 

1st  Method, 
3J=j.Zjj  }bytnm8po«iUon. 

.=.SZ:i»^-^JZil!bydivWcw. 
a  a 

(ae—dbyy^uf—dc 
af^de 

^'^ae-^db 

And  in  the  sanfe  Inanncr  we  fiiitf 
ec-6/ 

ae-^db* 

Sd  Method. 

5*t^''  =  Sitotod«aiidy 
rfar-fey=/> 

X  =  ■  as  above 


-  +  '|t=/l>y  mmtit. 


MMiUod. 
J*x  +  dTy  ^dc  nmlt.  by  d 

TBEST,  in  Pifrtri,  Uic  cunlino- 

Ing  Ki  dimlBHh  [be  vclucily  of  mor- 
iDDbodici. 

from  ibe  Vfftei  or*n">unce,  or 
from  tfaD  Mllen  of  trlvity.    Foi 

and  far  iJic  diaiinvihin  bnvtti 
inliUinccaiidn(iirduiun,Hc  Bi- 

KiTiiuiTiDN.  from  Orattly,  ii 
(Kciillar  lo  bodtc.  ptoj=cMd  op 
^rllrd^  winch  have  then  veloriUti 
dinMni.Ued,  !.>■  F«.'«ljy  the  Hme 

Tbui,  Kabody  bepnyteled  per. 

CdlcuUrly  n)iwiinli,  wilh  ■  vis 
ly  whioh  woold,  indcpcndcnlly 


e;;.;i 


jwrMCond)  ilwlll,  lncaBt«|on 
ot  tba  Bcliuu  of  gravity,  ka<« 

Hence  nSndVhaBreateil  bei 

pripjected       perpend  leu  lu'lji      up- 
wiirds  witli  any  iiven  vcloeily, 
,c««,*c,  il  ii  onlv 


e  only 


c,v.liicUv.i«bMriwii«\s\»wiin 


B  ETKOG  RA  D  ATIO  N,  d 


iXr'of  Ihe ' glgni  A rlciTtau rai' 
Seiuhii,  Ac.  U  ti  uLd  to  be  dlrtcl. 


RBVBRiton  Df  Serlti,  in  Ajff- 


=  ■» +  b«« +"'<*  + 1*  »*  + *■=■ 

=  Ajr+Bjf*+Cii»+D»f+*i:. 

le  original  Kriet  U  uU  to  be  in- 

erUd.* 

The  revenlon  of  uiiei  wu  Bnl 

miKiKri     by     NewUB,     in     bit 
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'  ifistead  of  the  powers  of  that  quah- 
tiiy  in  the  proposed  series,  and  fi- 
nally equating  the  co-eflicients, 
whereby  the  values  of  the  indeter- 
minate or  unlcnowii  co-efflcient  will 
be  obtained  ;  thus 

Let  *  =  a  y  +  6  y^  4-  <^  y*  +■  &«• 
Assume     y  =  A  x -f- B  «' -j- C  a?s 

then       ay  =:a  Ax  +  aB  afl-^ 

6y«  =  6A«a«  +  «*  A  B 
afl  -4-  &c« 

+  &C. 

Now  since  jf  =  ay-f"&y"'  +  cy* 
+  &c. 

And  this  latter  series  being  also 
found  in  powers  of  or,  it  follows 
that  the  sum  of  all  the  cfvefficients 
of  x  must  be  equal  to  1,  and  the 
co-eflicients  of  the  higlier  powers 
equal  to  0,  which  depend  upon  a 
known  property,  viz.  that  if  ^x  + 
0  x^  -\-  y  x^  +  &c.  =  0,  under 
every  possible  value  of  x,  then  « 
=  0,  /g  =  0,  y  =  0,  &c. 

Hence  we  have  a  A  =»  I 
a  B  +  6  A«  =0 

aC  +  26AB  +  cAS  =  0 

Consequently  A  =  — ,  B  = 


—  cAs       26AB 


Whence 

y  =z  »-  a:—  —  ««+  _^'     ■  x\ 


a3 


o^ 


&c. 

Again,  let  x=:y  —  ay^+  6y5  — 
&c.  to  find  y  in  terms  of  x. 

Assume  y  =  Ax4-Bx^+Cx* 
-f  &c. 

then       y  =  Ax+Ba^  +  C«5-i- 
ftc* 

—  «y3=:        —aA^xS— 3aA« 
B  xs  —  &c. 

+  6y5=  +    6  AS 

«s+  &c. 
And  hence A=1;B  —  aAS=0; 
C— 3«A«B-t-6A«  =  0. 

Consequently  A  =  1;  B  =  a;c=s 
3  fl« —  fr,  &c.  therefore  y  =  x4- 
<ix»  +  (3  fl^  —  6)  x5  -f  &c. 

REVERSION,  in  the  doctrine 
of  ArmuUies,  is  aa  annuity  which 
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is  not  to  commence  till  after  a  c'ef' 
tain  number  of  years ;  and  its  pre- 
seiit  value  is  such  a  sum  as,  put 
out  to  interest,  will  provide  for  the 
several  payments  of  the  annuity 
as  they  become  due ;  and  in  order 
to  ubiain  this  value,  we  must  tincl 
the  present  value  uf  each  rever^ 
sionary  payment,  and  the  sum  of 
them  will  be  the  total  present 
value  of  the  reversion.  Or,  if  w^ 
make 

p  =     the  present  value 
a  =^     the  annuity 
j_.  ftbe  number  of  years  the^ 

(  annuity  is  to  continue 
_^  S  the  number  of  years  be- 
'        (  fore  it  becomes  payables 
__  5  the  annual  rate  of  in-' 
I  terest. 

Then  p  =  a  X 

(1  +r)  -r-d  4-  r)-  f»  +  «) 

"  —  III «     I  ■«■ 

r 

a  =  p  X 


log.  1 1  —  ?. .  r.  (1  +  r)!'    i 


CO. 


n  — 


log.  {i-\-r) 
log.  [l-(l  +  r)-«l-.iog,^ 


f  — 


log  (t  +  rj 
In  which  last  ^  =  2 y  -f  i,  and  0 


(t)' 


3 

*  —  1 


From  which  theorems  any  one 
of  those  quantities  may  be  found 
when  the  other  quantities  are 
given.  When  the  reversion  Is  a 
perpetuity,  then  n  becomes  infinite, 

and  the  quantity  (1  -f-  r)  ~"  ^^  ^  "> 
vanishes  out  of  the  general  express 
sions,  which  then  is  reduced  to 

(1  +  r)  —  » 
« aa  a  X  '    •  =»  present 

*'  ^lue 

a  =s  |»r  (1  +  r)  j»  =  annui^ 
%0 
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CO.  lOf.  ^-" 

a 


years  deferred 


»  -^   lo8.(l+r) 

rateofintereiL 

whence  /J  —    f  — ^  J  ""  *' 

It  flhoald  be  observed,  that  these 
theorems  are  formed  on  tlie  sup 
position  of  yearly  payments.  If 
the  payments  are  to  be  made  qaar- 
terly,  or  half-yearly,  Uien  n  and  f 
must  represent  the  number  of  pe- 
riods of  payment,  and  r  the  rate 
of  interest  tor  snch  period  of  time. 

For  the  investigation  of  these 
theorems,  see  Bauy's  "  Doctrine 
of  Interest  and  Annuities  ;"  where 
this,  and  every  case  ^relating  to 
these  imporunt  subjects,  are  very 
folly  and  ably  illustrated. 

REVOLOTlON,  the  motion  of  a 
body  or  line  abont'a  centre,  which 
remains  fixed. 

Period  of  Rbvolutioii,  in  Attnk-^ 
SMMf ,  is  the  time  a  planet,  comet, 
ice.  employs  in  passing  from  any 
poiht  in  its  orbit  to  the  same  point 
again.  This,  with  regard  to  the 
earthy  is  what  determines  the 
length  of  the  year. 

RHUMB  Hme,  or  Loxodromia,  in 
JvaiHgatloHf  is  a  line  prolonged 
from  any  point  in  a  sea-cliart,  ex- 
cept in  tlie  direction  of  any  of  the 
four  cardinal  points,  or  it  is  tiie 
line  described  by  a  ship  while  her 
course  is  constantly  directed  to- 
wards one  and  the  same  point  of 
the  compass,  except  the  four  above 
mentioned,  that  is,  while  she 
crosses  all  the  meridians  at  the 
same  angle,  providing  this  is  not  a 
light  one,  and  this  angle  is  called 
the  angle  of  the  rhomb  ;  and  that 
which  it  makes  with  the  equator, 
or  a  parallel  to  the  equator,  i& 
called  the  complement  of  the 
rhumb.  If  a  vessel  sail  eKher 
Morih  or  south,  it  evidently  de- 
acribes  a  great  circle  ef  the  si>here, 
or  part  of  such  a  circle,  and  if  her 
course  is  either  due-east  or  west, 
she  cuUrall  the  meridians  at  right 
adgles.  But  if  her  course  is  oblique 


to  these  principal  points,  then  the 
no  longer  describes  a  circle,  but  a 
sort  of  spiral,  the  characteristic 
property  of  which  is,  that  it  cots 
all  the  meridians  at  the  same  an- 
gle, and  is  thence  denominated 
the  loxodromia,  or  loxodromio 
curve,  or  rhiimb  line,  wiiich, 
though  it  continually  approaches 
towards  the  pole,  can  never  arrive 
at  it,  except  after  an  infinite  aom- 
ber  of  revolutions.  A  ship's  war  is, 
therefore,  not  to  be  compntedT,  as 
if  her  coarse  was  made  in  a,great 
circle  of  the  sphere,  but  as  made 
up  of  the  successive  arcs  of  this 
spiral. 

RICOCHET  FMttg,  m  the  prac- 
tical part  of  gunnerv,  is  a  method 
of  firing  with  small  charges,  and 
at  small  degrees  of  elevation,  vis. 
from  8'  to  0*,  in  consequence  of 
which  the  ball  is  constantly  bound- 
ing and  rolling  along,  and  thu» 
destroying  more  men  than  that 
which  has  a  charge  sofficient  for 
penetrating  a  column. 

RING  of  Saturn,  in  AstranmKf, 
is  a  broad  opaq^ue  circular  body 
encompassing  tne  equitorial  re- 
Cions  of  that  planet,  at  a' consider 
able  distance  from  him ;  which 
presents,  under  favom-able  circnm- 
stances»  one  of  the  finest  telesco- 
pic objects  in  the  heavens.  An 
apparent  irregularity  was  first  ob- 
served in  the  form  of  Saturn  by 
Galileo,  but  his  telescope  was  not 
sufficiently  powerful  fur  him  to 
discover  tne  cause  of  it ;  this,  how- 
ever, was  soon  after  effected  by 
Huygens,  whoin  consequence  pub- 
lished his**  New  Theory  of  Saturir," 
in  1659. 

This  ring,  which  is  very  thin, 
not  exceeding  4M0  miles,  is  i»- 
cliiied  to  the  plane  of  the  ecliptic 
in  an  angle  or  31*  \&  13"  ;  and  re- 
volves from  west  to  east  in  10*  SfH* 
16".8,  being  nearly  the  time  of  the 
diurnal  revolution  of  Saturn,  and 
which  is  also  found,  from  the  laws 
of  Kepler,  to  be  the  time  in  which 
a  satellite  would  revolve  aboat 
that  planet  at  the  mean  distance 
of  the  ring;  a  very  remarkable 
confirmation  of  the  universality  of 
the  laws  of  the  planetary  motions. 
This  rotation  is  performed  about 
an  axis  perpendicular  to  the  plaoe 
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of  the  ring,  and  passing  through 
the  centre  of  the  planet. 

The  ring  being,  as  we  observed 
above,  very  thin,  it  sometimes 
nearly  disappears,  that  is,  when 
its  plane  coincides  with,  or  passes 
through  the  centre  of  the  earth  or 
sun,  at  which  time  it  subtends  an 
angle  of  not  more  than  half  a  se- 
cond, and  can  therefore  only  be 
discovered  by  the  most  powerful 
telescopes,  through  which  it  has 
then  the  appearance  of  a  luminous 
line  bej'ond  the  body  of  the  planet 
And  as  this  plane  is  presented  to 
the  sun  twice  during  each  sidereal 
revolution  of  tlie  planet,  the  dis- 
appearance of  the  ring  will  happen 
about  every  15  years,  and  at  near- 
ly the  same  intervals  it  will  ap- 
pear to  the  greatest  advantage. 

When  viewed  in  the  most  fa- 
vourable position,  with  a  magnify- 
ing power  of  700,  the  ring  is  ob- 
served to  be  divided  into  two  un- 
equal portions,  by  a  black  cocentric 
line,  which  is  now  ascertained  to 
"be  a  real  separation,  and  that  what 
we  call  the  ring  of  Saturn  consists 
at  least  of  two  rings;  and  some 
astronomers  have  even  supposed 
it  to  be  still  farther  subdivided, 
and  to  consist  of  several  circular 
parts,  but  this  at  present  is  little 
Biore  than  conjecture. 

The  dimensions  of  this  doable 
ring,  as  given  by  Dr.  Uerscllel,are 
as  follows: 

Eng.  Miles 
Diameter  of  the  planet  •  •  70O6B 
Inside  diam.  smaller  ring  •  146345 

Outside <    184393 

Inside  diam.  larger  ring  .  •   100248 

Out§ide 204883 

Breadth  of  inner  ring  *  •  •     30000 

— — of  outer  ring  •  •  •       7200 

Space  between  the  rings    •       S839 

-^ between  planet  &  ring    70277 

Mean  thickness  of  ring  •  *       4500 

The  intersection  of  the  plane  of 
the  ring  with  the  ecHutic  is  in  5« 
20",  and  11«20'',  in  which  points, 
therefore,  it  disappears,  and  be- 
tween these,  viz.  at  i"  20",  and 
8«  'iO",  it  appears  most  brilliant. 

RISING,  in  Astronomy,  the  first 
appearance  of  the  sun,  moon,  or 
other  celestial  body  above  the  ho- 
rizon* 

RIVER,  in  Geography,  a  stream 
ot  current  of  fresh  water  flowing 
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in  a  bed  or  channel  from  its  source 
or  spring  into  the  sea. 

The  doctrine  which  relates  to  the 
flux,  reflux,  motion,  and  discharge 
of  rivers, is  a  branch  of  hydraulics, 
and,  as  such,  for'ms  a  part  of  the 
present  work,  though  our  limits 
will  only  admit  of  a  slight  sketch 
of  the  theory.  Water  running  in 
open  canals  or  rivers  is  accelerated 
in  consequence  of  its  depth,  and  of 
the  declivity  on  which  it  runs,  till 
the  resistance  increasing  with  the 
velocity,  btcomes  equal  to  the  ac- 
celeration, when  the  motion  of  the 
stream  becomes  uniform.  But  this 
resistance,  it  is  obvious,  can  only 
be  detennined  by  experiment,  and 
hence  several  philosophers  have 
.undertaken  different  courses  of  ex- 
periments for  this  purpose,  amongst 
whom  Buat  seems  to  have  mcft 
with  the  most  complete  success. 

Let  V  represent  the  velocity  of 
the  stream  per  second  in  inches; 
R  the  quotient  arising  from  the  di- 
vision of  the  section  of  the  stream 
by  its  perimeter,  minus  the  super- 
ficial breadth,  all  in  inches;  and  S 
the  cotangent  of  the  inclination  of 
the  slope.  Then  the  section  and 
velocity  being  both  supposed  uni- 
form, 
V^        S07V(R-^) 

Si-ihyp.log.(S  +  }g)"' 

i  ^(r  — i^;  or 
10  ^V  IQi* 

C 307 3  ^ 

Ui-i/*./.(S-h}g,     To} 

which,  when  R  is  very  great,  and 
s  small,  may  be  reduced  to 

From  which  it  appears  that  when 
the  slope  remains  the  same,  the  ve- 
locity varies  as  -^{K — ^),  or  as  V' 
R,  when  R  is  very  great.  Hence 
the  velocity  of  two  great  rivers  of 
the  same  declivity  areas  the  square 

bd 
root  of  7 — — -•  ,  where  h  and  d  re 
0  -i-2a 

present  the  breadth  and  depth  o^a 

t transverse  section  in  inches. 
It  follows  also,  from  wiiat  is  said 
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IB)  linear  feet,  or  a  sqnare  mea- 
sure of  27t£  square  feet. 

ROLLING,  that  motion  of  a  body 
which  is  caused  by  its  rectilinear 
motion  being  resisted,  by  tlie  fric- 
tion of  some  surface  or  otherwise ; 
whereby  its  several  parts  come 
successively  in  contact  with  that 
pltine  or  surface ;  such  is  the  mo- 
tion of  a  carriage-wheel  upon  the 
ground,  &c. 

ROO"?,  in   Arithmetic  and  Alge- 
bra, denotes  a  quantity,  which  be- 
ing multiplied  a  certain  number  ot 
times  into  itself,  produces  another 
number,  called   a  power,  aud  of 
which  power  the  original  quantity 
is  called  the  mot.     Roots  are  dis- 
tinguished into  square  roots,  cube 
roots,  biquadratic  roots,  &c.  or  into 
2d,  3d,   4tli,  5th,  &c.  roots,  wliich 
de^iends  uf)on  the  number  of  nuil- 
tiplicalion«  necessary    to  generate 
the  proposed  power.    If  one   mul- 
tiplication only  is  nccessarj',  or  if 
two  equal    faclor^>  are  multiplied 
together,  it  is  called  tiie  square  or 
second  root;  if  three,  the  ciil)e  or 
third  root ;  if  four,  the  biquadratic 
or  fourth  root,  &c.;  thus 
6  is  the  square  root  of  64 
4  is  the  cube  root  of  04 
2  is  the  sixth  root  of  64 
&c.  &c. 

For  the  extraction  of  the  roots  of 
cumbers.    See  Extraction. 

Roots  of  an  Equation,  are  those 
nnmbers  or  ouantilies  which,  sub- 
stituted for  the  unknown  quantity, 
render  the  whole  equation  equal 
to  zero. 

And  of  these  ther.e  are  always  as 
many  real  or  imaginary,  as  there 
are  units  in  the  higheiit  power  of 
the  unknown  quantity.  So  an 
equation  of  the  2d  degree  has  two 
roots  ;  one  of  the  3d  degree,  three; 
of  the  4th  degree,  four,  &c*  See 
Equations. 

The  roots  of  an  equation '  are 
either  pasitivct  negative,  or  imagi- 
nary. 

A  Positive  Root,  is  an  absolute 
number  affected  with  the  sign  -{- 
ylus. 

A  Negative  Root,  is  also  an  ab- 
solute number,  but  is  affected  with 
the  sign  —  minus. 

An  Imaginary  Root,  is  one  to 
which  no  absolute  value  can  be 
attached,  one  part  of  it  consistiug 
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always  of  the  square  root  of  a  ne- 
gative quantity ;  >  et  it  is  such,  that 
when  substituted  for  the  unknown 
quantity,  it  is  found  to  answer  the 
conditions  of  the  equation.  See 
Imaginary  Boots  and  Quantities. 

ROTA  Aristotelica,  or  Aristotle's 
Wheel,  denotes  a  problem  in  me- 
chanics proposed  by  Aristotle  con- 
cerning the  motion  of  a  coach- 
wheel  \  viz.  that  the  nave  of  a 
wheel  describes  by  its  motion, 
(supposing  it  to  roll  along  a  plane) 
a  line  of  the  same  length  as  the 
circumference,  by  its  motiqn  on 
the  .ground  ;  which  was  long  con- 
sidered paradoxical,  nor  was  it 
clearly  understood  till  M.  Meyran, 
a  Frenchman,  sent  a  satisfactory 
solution  of  it  to  the  Academv  of 
Sciences,  the  principle  of  which  is, 
that  each  point  of  the  circumfer- 
ence of  the  nave,  as  it  approaches 
the  plane,  is  drawn  forward  over  a 
sjmce  greater  than  itself,  whereas 
every  point  and  part  of  the  cir- 
cumference passes  over  a  space 
exactly  equal  to  itself. 

ROl^ilTION,.  the  motion  of  the 
different  parts  of  a  solid  body  about. ' 
an  axis,  called  the  axis  of  rotation, 
being  thus  distinguished  from  the 
progressive  motion  of  a  body  about 
some  distant  point  or  centre  ;  thup 
the  diurnal  motion  of  the  earth  is. 
a  motion  of  rotation,  but  its  annual 
motion  one  of  revolution*  When  a 
solid  body  turns  round  an  axis,  re- 
taining its  shape  and  dimensioim 
unaltered,  every  particle  is  actu- 
ally describing  a  circle  round  this 
axis,  which  axis  passes  through  the 
centre  of  the  circle,  and  is  iierpen- 
dicular  to  its  plane.  Moreover  in 
any  instant  of  the  motion,  the  par- 
ticle is  moving  at  right  angles  with 
the  radius  vector,  or  line  joining 
it  with  its  centre  of  rotation  ;  there- 
fore, in  order  to  ascertain  the  di- 
rection of  any  particle,  we  may 
draw  a  line  from  that  particle  per- 
pendicular to  the  axis  of  rotation. 
This  line  will  be  in  the  pitlne  of 
the  circle  of  rotation  of  that  par- 
ticle, and  will  be  its  radius  vector, 
and  a  line  drawn  from  the  particle 
perpendicular  to  its  radius  vector, 
will  be  a  tangent  to  the  circle  of 
rotation,  and  will  represent  the  di. 
rection  of  the  motion  of  this  pai^* 
tide. 
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-'f|1i«  wh6l9'hodj  being  Mpposrd 
lb  tarn  t4>gctber,  it  is  evident,  that 
when  it  hu  made  one  complete 
rotation,  each  point  tias  deacribed 
die  circamference  of  a  circle,  and 
the  whole  patlit  of  the  difl'errnt 
.  particles  will  l>e  in  the  ratio  of 
ibese  circnmfirences  ;  and  there- 
fmre  of  their  radii,  and  this  is  also 
tme  of  any  portion  of  such  ciream- 
ftrences ;  that  is,  the  velocities  of 
the  different  particles  are  propor- 
tional to  their  radii  vectores,  or  to 
their  distances  from  the  axis  of  ro- 
tation. And  all  these  motions  are 
Sn  parallel  planes,  to  which  the 
axis  of  rotation  is  perpendicular. 
Mence  it  follows,  that  when  we 
^mpare  the  rotation  of  different 
bodies  in  respect  of  velocity,  it  is 
•vident  that  it  cannot  be  done  by 
directly  comparing  the  velocity  ot 
any  particle  in  one  of  the  bodies 
with  that  of  any  particle  of  the 
•ther ;  for  as  all  the  particles  of 
each  have  different  velocities,  this 
,  eompariAon  can  establish  no  raiio. 
But  we  may  familiarly  compare 
.  inch  motions  by  the  nomber  of 
'  eomplcte  turns  which  they  malce 
in  any  eqnal  portions  of  time. 
Therefore,  as  the  length  ornnml>er 
of  feet  described  by  a  body  in  rec- 
tlllnear  motion  is  a  proper  measure 
of  it4  progressive  velocity,  so  the 
angle  aescrit>ed  by  any  particle  of 
a  whirling  body,  is  a  proper  mea- 
sure of  its  velocity  of  rotation ;  jmd 
in  this  manner  may  the  rotation  of 
two  or  more  bodies  be  compared, 
and  this  velocity  is,  with  proprie- 
ty, called  the  angular  velocity. 

in  what  is  stated  above  we  nave 
had  principally  in  view,  a  tixed 
and  permanent  axis  of  rotation, 
the  body  not  being  supposed  at  li- 
berty tu  revolve  aibout  any  other ; 
bvt  It  is  obvious,  that  if  any  force 
Is  impressed  upon  a  body,  or  sys- 
tem of  bodies,  in  free  space,  (un- 
less that  force  be  exerted  in  a  di- 
rection passing  through  the  centre 
of  gravity  of  the  system)  a  rotatory 
motion  will  ensue  about  an  axis 
passing  through  the  centra  of  gra> 
vity  of  the  system ;  and  the  cen- 
tre, about  which  this  motion  is  per- 
formed, iH  called  the  centre  of 
tpontarteou*  rotation,  A  body  may 
begin  to  revolve  on  any  line  &n  an 
axis  that  passes  through  its  centre 
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of  gravity,  iKit  it  wiU  Hot  eontlnacf 
to  revolve  permanently  aboatthat 
axis,  aniess  the  opposite  eentrifo- 
gal  forces  exactly  balance  e*ch 
otlicr. 

Thns  a  homogenecos  qphere  may 
revolve  permanently  on  any  dia- 
meter, because  the  opposite  parts 
of  tlie  solid,  being  in  every  dir«)- 
tion  eqnal .  and  similar,  the  oppo- 
site centrifugal  forces  mast  t»e 
equal ;  so  that  no  force  ha*  a  ten- 
dency to  change  the  position  of 
the  axis.  Hence  also  a  homogene- 
ous cylinder  may  revolve  pernu^ 
nenUy  aboot  the  line,  wiiich  is  its 
geometric  axis;  as  it  may  also 
about  any  line  that  bisects  that 
axis  at  rightpangles,  but  it  can  r^  i 
voive  permanently  about  no  other 
line,  because  then  the  centrifu- 
gal forces  could  not  be  equal,  and 
the  same  is  tme  with  respect  to  ^ 
any  solid  of  rotation. 

ill  every  body,  however  irregfo- 
lar,  there  are  three  permauient 
axis  of  rotation,  at  right-angles  to 
each  other,  on  any  one  of  wliicb*. 
when  tlie  1>ody  revolves,  the  bp-, 
posite  centrifugal  force  exactly  ba>^ ' 
lances,  and  therefore  the  rotation 
becomes  permanent.  These  three 
axes  have  also  this  remarltable 
property,  that  the  momentmn  of 
inertia,  with  respect  to  any  of 
them,  is  either  a  maximum  or  a 
minimum  ;  that  is,  is  either  greater' 
or  less  than  if  the  body  revolved 
about  any  other  axis. 

At  present  we  have  considered 
thosie  cases  of  rotation  that  are 
produced  by  a  force  impressed 
upon  a  body,  either  as  supported 
on  a  fixed  axis,  about  which,  there- 
fore, that  system  must  necessarily 
revolve,  or  as  in  free  space,  in 
which  case  the  system  acquires  a 
spontaneous  centre  of  rotation,  and 
finally,  a  permanent  axis  of  rota- 
tion; but  there  are  other  circum- 
stances which  will  produce  a  rota^ 
tory  motion  that  are  not  included 
in  either  of  the  above,  but  which 
it  will  be  proper  to  mention  before 
we  conclude  this  article  ;  such  are 
those  which  arise  from  a  body  de- 
scending down  an  inclined  plane, 
having  a  ribbon  or  cord  wound 
about  it,  one  end  of  which  is  fixed 
at  the  upper  part  of  the  plane, 
which    by    preventing .  tlie   liody 
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other  dot,  marked  St,  nUmds  Mt 
*M0,  the  aide  of  a  sqtfHre  equal  to 
the  area  of  the  same  circle.  A 
third  dtrt,  marked  W,  is  at  SSI,  the 
caMc  laches  in  a  wine  gallon. 
And  a  fourth,  marked  C,  at  314, 
the  circa niference  of  the  circle, 
whose  diameter  is  1.  The  fourth 
line  of  numbers,  marked  M  D,  to 
signify  malt  depth,  is  a  broken 
line  of  two  radit,  numbered  S,  10, 
9.  8,  r,  «,  5,  4,  3,  «.  1,  »,  8,  r,  &c. ; 
the  number  I  toeing  set  directly 
against  M  B  on  the  first  radius. 

On  the  second  broad  face,  marked 
ed,  are  several  lines:  as,  1st,  a 
line  marked  D,  and  numbered  1, 
S,  3,  Sec,  to  10.  On  this  line  are 
four  centre  pins  ;  the  first  marked 
W  6,  for  wine  gauge,  is  at  17*15,  the 
gauge  point  for  wine  gallons,  being 
the  diameter  of  a  cylinder  whose 
height  is  one  inch,  and  content  231 
cubic  inches,  or  a  wine  gallon. 
The  second  centre  pin,  marked 
A  G,  for  ale  gaoge,  is  at  18*05,  the 
like  diameter  for  an  ale  gallon. 
The  third  maik,  MS,  for  malt 
square,  is  at  48*3,  the  square  root 
of  3150*42,  or  tlie  side  ol  a  squarcf 
whose  content  is  equal  to  the  num- 
her  of  inches  in  a  solid  bushel. 
And  the  fourth,  marked  M  R,  for 
malt^round,  is  at  52*42,  the  diame- 
ter of  a  cylinder  or  bushel,  the 
area  of  whose  base  is  the  same 
2150*42,  ihc  incites  in  a  bushel. 
2dly,  Two  lines  of  numbers  on  lite 
sliriing  piece,  on  the  other  side 
marked  C.  On  these  are  two  dots, 
the  one  marked  c,  at  '0795,  the 
area  of  a  circle  whose  circum- 
ference  is  1;  and  the  other  marked 
d,  at  -785,  the  area  of  the  circle 
whose  diameter  is  one.  3dly,  Two 
lutes  of  seyiiients,  each  numbered 
1,  2,  3,  to  100,  the  first  for  finding 
the  ullage  of  a  cask,  taken  as  the 
middle  I'rusirum  of  a  spheroid, 
lying  with  its  axis  uarallel  to  the 
horizon  ;  and  the  other  for  finding 
the  ullage  of  a  cask  standing. 

Again,  on  one  of  the  narrow 
sides  noted  c,  are  1st,  a  line  of 
inches,  numbered  1,  2, 3,  &c.  to  12, 
each  subdivided  into  10  equal 
paru.  2dly.  A  line  by  which,  with 
that  of  inches,  we  find  a  mean 
diameter  for  a  cask  in  the  figure 
pf  the  middle  fruslrum  of  a 
spheroid ;  it  is  marked  spheroid. 


and  numbered  I,  2,  i,  Aec*  tn'lV 
8dly.  A  line  lor  finding  the  mean 
diameter  of  a  cask,  in  i^:e  form  of 
the  middle  frustrura  of  a  paiabniie 
spindle,  which  gangers  call  the 
second  variety  of  casks ;  it  is 
therefore  marked  second  Taricsty, 
and  is  numbered  1,  2,  3,  Aec 

4thly.  A  line  by  which  is  found 
the  mean  diameter  of  a  cask  of 
the  third  variety,  consisting  of  the' 
frustrums  of  two  parabolic  conoid^ 
abutting  on  a  common  base,  it  is 
therefore  marked  third  variety, 
and  is  numbered  1,  2,  3,  Sec, 

On  the  other  narrow  face, 
marked/,  are,  1st,  a  line  divided 
into  one  hundred  equal  parts, 
marked  F  M.  fndly.  A  line  of 
inches,  like  that  before  mentioned, 
marked  I M.  Sdly.  A  line  for  find- 
ing the  mean  diameter  of  the 
fourth  variety  of  casks,  which  is 
formed  of  Uie  frustrums  of  two 
cones,  abutting  on  a  common  base. 
It  is  numberod  J,  2,  3,  Ac.  and 
marked  FC,  for  irustrum  of  a^cone. 

On  the  back  side  of  the  two 
sliding  pieces  is  a  line  of  inches, 
from  12  to  38,  for  the  whole  eatent 
of  the  3  feet,  when  the  pieces  are 
put  endways;  and  against  tha^ 
the  correspondent  gallims,  and 
lOOih  parts,  that  any  small*  tub  or 
the  like  open  vessel  will  contain  at 
1  inch  deep. 

For  the  various  uses  of  this  in- 
strument, see  the  authors  men- 
tioned above,  and  most  writers  on 
gauging. 

CoggeshaW$  Sliding  Rule,  is 
chieny  used  in  measuring  the  su- 
perfices  and  solidity  of  timber, 
masonry,  brick- wotk,  &c. 

This  consists  of  two  parts,  earh 
a  fpot  long,  which  are  united  to* 
geiiter  in  various  ways.  Some- 
limes  they  are  made  to  slide  by 
one  another  like  glazier's  rulers: 
sometimes  a  groove  is  made  in  the 
side  of  a  cominon  two-foot  rule, 
and  a  thin  sliding  piece  on  one 
side,  and  Goggeshall's  lines  added 
on  that  side;  thus  forming  the 
common  or  carpenter's  rule :  and 
sometimes  one  of  the  two  rulers  is 
ma  e  to  slide  in  a  groove  made  in 
the  side  of  the  other. 

On  (he  sliding  side  of  the  rqle 
are  four  lines  of  numbers,  three  of 
which  are  double,  that  is,  aix*  lines 
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of  two  radii,  and  the  fourth  is  a 
fljngle  broken  line  of  numbers. 
The  tirst  three,  marked  A,  6,  C, 
are  figured,  1,  2,  3,  &c.  to  9;  then 
1,  2,  3,  &c.  to  10  ;  the  construction 
and  use  of  them  being  the  same 
as  those  on  Everard's  sliding  rule. 

The  single  line,  called  the  girt 
line,  and  marked  D,  whose  radius 
is  equal  to  two  radii  of  any  of  the 
other  lines,  is  broken  for  the  easier 
measuring  of  timber,  and  figured 
4,  5,  6,  7,  8,  9,  10,  20,  SO,  &C.  From 
4  to  5  it  is  divided  into  10  parts, 
and  each  10th  subdivided  into  2, 
and  so  on  from  5  to  10,  &c. 

Ou  the  back  side  of  the  rule  are, 
1st,  a  lind  of  inch  measure,  from 
1-  to  12,  each  inch  being  divided 
and  subdivided 


2dly.  A  line  of  foot  measure, 
consisting  of  one  foot  divided  into 
100  equal  parts,  and  figured  10,  20, 
30,  &c. 

The  back  side  of  the  sliding 
piece  is  divided  into  inches,  halves^. 
&c.  and  figured  from  12  to  24 ;  so 
that  when  the  slide  is  out  there 
may  be  a  measure  of  2  feet. 

In  the  carpenter's  rule  the  inch 
measure  is  on  one  side  continually 
all  the  way  from  1  to  24,  when 
the  rule  is  unfolded  and  subdivided 
into  8th  or  half-quarters;  on  this 
side  are  also  some  diagonal  scales 
of  equal  ))arts.  And  upon  the  edge, 
the  whole  length  of  two  feet  is 
divided  into  200  equal  parts,  oc 
lOOths  of  a  foot. 


s. 


SAILING,  in  Navigation,  de- 
notes  the  act  of  conducting  a  ves- 
sel from  one  port  to  another,  by 
nieans  of  the  action  of  the  wind 
upon  her  sails,  being  otherwise  ex- 
pressed by  the  more  significant 
term  navigating. 

Sailing  is  distinguished  into 
difi'erent  cases,  according  to  the 
principles  upon  which  the  com- 
pntations  are  founded,  as  Plane 
Sailing,  Middle  Latitude  Sailing, 
Mercator  Sailing,  Globular  Sail 
ing,  &c. 

Plane  Sailing,  is  that  which  is 
performed  on  a  supposition  of  the 
earth  being  an  extended  plane 
surface,  and  by  means  of  plane 
charts,  in  which  case  the  me- 
ridians are  considered  as  parallel 
lines,  the  parailela  of  latitude  at 
right  angles  to  the  meridians,  and 
the  lengths  of  the  degrees  on  the 
meridians,  equator,  and  parallels 
of  latitude,  as  every  where  equal. 
Here  the  principal  terms  are  the 
latitude  distance,  and  departure  ; 
difference  of  latitude  and  rhumb, 
longitude  having  no  place  in  plane 
sailing.  It  is  obvious,  however, 
that  calculations  conducted  on 
these  principles  must  be  too  er- 
roneous to  be  depended  upon  in 
any  case,  and  therefore  it  would 
be  but  wasting  the  reader's  time 
lo  enter  farther  into  an  explana- 
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tion  of  this  case,  which  is  now 
nearly  if  not  wholly  disused  '  by 
navigators. 

Traverse  Sailinis,  may  b^  de- 
fined compound  plane  sailing, 
being  the  method  of  working,  or 
calculating  traverse  or  compound 
courses,,  so  as  to  reduce  them  into 
one.  This  is  used  when  a  ship 
having  to  sail  from  one  port  to 
another  is,  by  reason  of  coni.rary 
winds,  or  other  obstacles,  obliged 
to  tack  and  sail  upon  different 
courses,  which  are  then  to  be 
brought  into  one ;  and  hence  the 
difl'erence  of  latitude,  departure, 
and  other  circumstances  deter- 
mined as  in  plane  sailing. 

Globular  Sailing,  is  the  method 
of  estimating  a  ship's  motion  and 
run,  upon  principles  drawn  from 
the  globular  figure  of  the  earth. 
In  this,  its  most  extended  sense, 
globular  sailing  comprehends  Pa- 
rallel  Mercator,  Middle  Latitude, 
and  Great  Circle  Sailing ;  fur  a 
definition  of  each  see  the  following 
articles. 

Parallel  Sailing,' is  the  sailing 
on  a  parallel  of  latitude,  or  pa- 
rallel to  the  equator,  of  which 
there  are  three  cases. 

1.  Given  the  distance  and  dif- 
ference of  longitude  ;  to  find  the 
latitude,  which  is  performed  by 
the  foUowiog  rule : 


MATQEMATICAL  AUD  PHYSICAL  8CIEKCE. 


As  th«  difference  of  loitf.sthe 
dbUuice  =  tlie   radios :  tlie  co- 
sine of  die  latitodte. 
t.  Given  the  latitade  and  dif- 
ference of  longitude;  to  find  tlie 
distance.    Rule. 
As  radius  :  the   cosine  of   the 
latitude  s  the  difference  of  longi- 
tude :  the  distance. 
3.  The    latitude    and    distance 
being  given,  to  find  the  difference 
of  longitude.    Rule, 
As  cosine  of  latitude  :  radius  z= 
the  diiitance  :  the  difference  of 
'  longitude. 

Middle  LatUudt  Sailino,  is  a 
nethod  of  resolving  the  cases  of 
globular  sailing,  by  means  of  the 
middle  latitude  between  that  de- 
parted  from   and   tiiat  come   to. 
This     method     is    not    accurate, 
being  founded  on  the  principles  of 
plane    and>  globular    sailing   con- 
jointly; vis.  on  a  supposition  that 
the  departure  is  reckoned  as  a  me- 
ridional distance  in  that  latitude, 
which  is  the  middle  parallel  be- 
tween  the  latitude  sailing  from, 
•nd  the  latitude  come  to ;  which 
would  be  correct  if  the  cosine  of  a 
iniddle  latitude  was  an  arithmeti 
cal  mean   between  the  cosine  of 
two  extreme  latitudes ;  and  the  de- 
parture between  two  places  on  an 
oblique   rhumb,  equal  to  the  me- 
ridional  distance   in   the    middle 
latitude ;  but  neither  of  these  cases 
obtain.    Yet   when    the    parallels 
are  near   the  equHlor,  or  near  to 
each  other,  in    any  latitude,  the 
error  is  not  considerable. 
.Thi.s  method  seems  lo  have  been 
invented   on  account  of  the  easy 
manner  in  whicli  the  several  cases 
may  be  resolved  by  the  traverse 
table,  and  when  a  table  of  meri- 
dional parts  is   not  at  hand,  the 
computations  may  be  made  as  fol- 
lows; vfx. 

Take  half  the  sum  of  the  two 
given  latitudes  for  the  middle  lati- 
tude, then  say, 

1.  Ak  cosine  of  raid.  lat.  :  the 
radius  =  the  departure  :  diff. 
of  longitude. 

2.  As  cosine  of  mid.  lat. :  tan.  of 
course  =3=  diff.  of  lat.  :  diff.  of 
long^itude. 

Mereator  Sailing,  or  more  pro- 
perly Wright's  Sailing,  is  the  me- 
thod of  computing   the  cases  of 


•idling  on  the  principles  of  lferea>' 
'tor's  chart,  which  principles  were 
first  laid  down  by  Wright  in  the 
beginning  of  the  ]7ih  century. 
These  consist  hi  finding  on  a  plane 
the  motion  of  a  ship  uimn  any  as* 
signed  course  that  shall  be  true, 
as  well  in  longitude  and  latitude, 
as  in  distance,  the  meridians  being 
all  parallel,  and  the  parallels  ot 
latitude  straight  lines. 

Then,  from  the  similarity  of  tri* 
angles,  when  three. 

From  the  following  analogic  s 

Rad.  :  sin.  course  =»  dis. :  depart. ' 

Rad.  :  cotin.  course  as  dist.  :  dif. 
of  lat. 

Rad. :  tan.  coarse  =  merid.  dif. 
lat.  :  dif.  Ion.  any  of  the  cases  of 
Mereator  sailing  may  be  readily 
resolved. 

Circular  Saili  no,  or  Great  Circie 
Sailing,  is  the  finding  what  places 
a  ship  mast  go  thraugh,  and  what 
courses  to  steer,  that  her  path 
may  be  in  an  «rc  of  a  great  circle 
on  the  globe,  or  nearly  so,  passing 
through  the  place  sailed  from,  tMO. 
that  bound  to. 

As  the  solutions  of  the  cases  of 
Mereator  sailing  are  performed  by 
plane  triaiigles,  in  this  method 
they  are  resolved  by  means  ot. 
spherical  triangles,  and  present  a 

f^reat  variety  of  cases ;  but  the  fol. 
owing  is  that  which  nunt  com 
monly  occurs,  vi9^ 

Given  the  latitude  and  longitude 
of  two  cases,  to  find  their  nearest 
distance  on  the  surface,  with  the 
angles  of  position  from  eithei 
place  to  the  other. 

This  problem  involves  six  cases, 
viz*  1.  when  the  places  lie  undei 
the  same  meridian ;  2.  when  they 
are  both  under  the  equator ;  3. 
when  only  one  of  them  is  under 
the  equator;  4.  when  they  are 
both  under  the  same  parallel  of  la* 
titude ;  5.  when  the  places  are  both 
on  the  same  side  ot  the  equator ; 
and  0.  when  they  are  on  different 
sides  ;  these  cases,  it  is  obvious, 
are  all  solved  bv  means  of  the 
different  cases  ot  spherical  trigo- 
nometry, and  «4iich  it  would 
therefore  be  useless  to  repeat  in 
this  place. 

Spheroidical  Sailing,-  is  com- 
puung  the  cases  of  navigation,  on 
the  |»^inci|>les  of  the  true  Jiyj/Ueroidi. 


9  A  T — 8  A  T 


cal  figure  of  the  earth  ;  on  which 
subject  see  also  Robertson's  **  Na- 
vitiation/'  vol.  ii.  book  S.  sect.  8. 

Sailing  is  also  used  in  a  dif- 
ferent sense,  to  denote  the  theory 
and  practice  of  manoeuvring  of 
vessels,  viz*  as  to  the  best  position 
of  the  sails  and  rudder];  their  effect 
on  the  motion  of  the  ship,  &c.  &c. 
on  which  subject  we  have  several 
learned  treatises  hjf  Bernouilli, 
Euler,  Bouguer,  Borelli,  Juan,  &c. 

SATELLITE,  in  Astronomy,  cer- 
tain secondary  planets  moving 
round  the  primary  planets,  as  the 
moon  does  about  the  eartli ;  they 
are  thus  called  because  always 
found  attending  them,  from  rising 
to  setting,  and  making  the  tour  of 
the  sun  together  with  them. 

The  satellites,  in  their  motion 
round  their  primaries,  are  governed 
by  th6  same  laws,  as  these  are  in 
their  revolution   round    the  sun ; 


viz.  they  describe  eqnal  areas  in 
equal  times,  and  those  belonging 
to  the  same  planet  have  the  squares 
of  their  periodic  .times,  propor- 
tional to  the  cubes  of  their  mean 
distances  from  the  planet. 

The  number  of  satellites  at  pre- 
sent known  in  our  system  is  eigh- 
teen, viz.  the  moon,  the  satelUte 
of  the  earth ;  four  belonging  to 
Jupiter ;  seven  to  Saturn  ;  and  six 
to  Uranus :  but  of  these  only  the 
moon  is  visible  to  the  naked  eye, 
for  the  particulars  of  which  see 
Moon. 

Satellite  of  Jupiter,  By  the 
aid  of  a  telescope  we  may  discover 
four  satellites  revolving;  about  this 
planet;  the  sidereal  revolution  of 
which,  with  their  mean  distances, 
&c.  are  given  in  the  following 
table,  as  extracted  from  Laplace's 
'*  System  du  Monde/'  3d  edition. 


Satellite. 

Sidereal  Revolution. 

Meun 
DisUnce. 

Mass. 

I. 

II. 

III. 

IV. 

Id  I8fc  27'  33"  ,5 

3    13    13  42    ,0 

7      3    42   33     ,4 

16     Itf    31    49     ,7 

Id  769137788148 

3    S51I8I017849 

7     1545527S3970 

10    088709707084 

5*812964 

9-248676 

14-752401 

35'P46B60 

•0000173281 
•0000232355 
•0000884972 
•0fi004265gi 

First  Satellite.  The  inclination 
of  the  orbit  of  this  satellite  does 
not  differ  much  from  the  plane  of 
Jupiter's  orbit,  lis  eccentricity  is 
insensible. 

Second  Satellite*  The  eccen- 
tricity of  the  orbit  of  this  satellite 
is  also  insensible.  The  inclination 
of  ils  orbit  to  that  of  its  primary  is 
variable,  as  well  as  the  position  of 
its  nodes. 

T/nrd  Satellite.  This  satellite 
has  a  little  eccentricity,  and  the 
line  of  its  apsides  has  a  direct  but 
vuriable  motion ;  the  eccentricity 
itself  is  also  subject  to  very  sensi- 
ble variations.  The  inclination  of 
its  orbit  to  that  of  Jupiter,  and  the 
position  of  ils  nodes,  are  far  from 
1»eing  uniform. 

Fourth  Satellite.  The  eccentri- 
city of  this  satellite  is  greater  than 
that  of  any  of  the  other  three,  and 
the  line  of  the  apsides  has  an  an- 
nual and  direct  motion  of  42/  58"  ,7. 
Tl>^  incination  of  its  orbit,  with  the 
plane  of  Jupiter's  orbit,  forms  an 
angle  of  about  2*  tSf  48":  but  this 
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angle,  although  stationary  v  about 
the  middle  of  the  last  century,  has 
lately  begun  to  increase  very  sensi- 
bly. At  the  same  time  the  motion 
of  its  nodes  has  begun  to  diminish. 

The  motions  of  the  first  three 
satellitesare  related  to  each  other 
by  a  most  singular  analogy.  For 
the  mean  sidereal  or  synod ical 
motion  of  the  first,  added  to  twice 
that  of  the  third,  is  constantly 
equal  to  three  times  the  mean  mo- 
tion of  the  second.  And  the  mean 
sidereal  or  synodical  longitude  of 
the  first,  minus  three  times  that  of 
the  second,  plus  twice  that  of  the 
third,  is  always  equal  to  two  right 
angles. 

The  satellites  of  Jijpitei-  are 
liable  to  be  eclipsed  by  passing 
through  his  shadow ;  and  on  the 
other  hand,  they  are  frequently 
seen  to  pass  over  his  disc  and 
eclipse  a  portion  of  his  surface. 
This  happens  to  the  first  and  se- 
cond satellite  at  every  revolution  ; 
the  third  very  rarely  escapes  in 
each  revolution  i  but  the  lourtb^ 
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•wcring  to  the  Mtunl  sines  and 
tangents  of  any  arch,  in  such jparu 
as  tne  radian  is  !•/»•»  Ite.  I>e  iuand 
upon  tlie  line  of  namfacrsy.  right 
aieainst  them  will  stand  Uie  respec- 
tive divisions  answering  to  the  re- 
speciive  arches,  or,  which  is  the 
same  thing,  if  ikfi  distance  l>etween 
the  centre  and  tiiatdivisionof  the 
line  of  n  urn  Iters,  .which  expresses 
the  number  answering  to  the  natu- 
ral sine  or  tangent  of  any  arch,  be 
set  off  on  its  respective  line  from 
its  centre  towards  the  left-hand,  it 
will  give  the  point  answering  to 
the  Kine  or  tangent  of  that  arch  ; 
ihiis  the  natural  sine  of  30  degrees 
being  9000,  &c.  if  the  distance  be* 
tween  the  centre  of.  Uie  line  of 
numbers  (which  in  this  case  is 
equal  to  10,000,  Ace.  equal  the  ra. 
dins)  and  tlie  division,  on  the  same 
line,  representing  9000,  &c.  l>e  set 
off  from  the  centre,  or  00  degrees, 
on  the  line  of  sines,  towards  the 
left-hand,  it  will  give  the  point  an- 
swering to  the  sine  of  30  degrees. 
And  after  tlie  same  manner  may 
the  whole  line  of  sines,  tangents, 
and  versed  sines  be  divided. 

TIte -line  of  sines,  tangents,  and 
▼ersed  sines  being  thus  construct- 
ed, the  line  sine  of  the  rhumb,  and 
tan|[ent  of  the  rhumb,  are  easily 
divided  ;  for  if  the  degrees  and  mi- 
nutes answering  to  the  angle  which 
every  rhumb  makes  witin  the  me- 
ridian, be  transferred  from  its  re- 
spective line  to  that  which  is  to  be 
divided,  we  shall  have  the  several 
points  required  ;  thus,  if  the  dis- 
tance t>etween  the  radius  or  cen- 
tre, and  sine  of  45  degrees,  equals 
the  fourth  rhumb,  be  set  off  upon 
the  line  sine  of  the  rhumb,  we 
shall  have  the  point  answering  to 
the  sine  of  the  fourth  rhumb ;  and 
after  the  same  manner  may  both 
these  lines  be  constructed.  The 
line  of  meridional  parts  is  con- 
structed from  the  table  of  meridi- 
onal parts,  ill  the  same  manner  as 
the  line  of  numbers  is  from  the  lo- 
garithms. 

The  lines  being^thus  constructed, 
all  problems  relatmg  to  arithmetic, 
trigonometry,  and  their  depending 
sciences,  may  be  solved  by  the 
extent  of  the  compasses  only  ;  and, 
as  all  questions  are  reducible  to 
proportions,  the  general  rule  is,  to 
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extend  the  comfutsses  frdim  the 
first  terin  to  the  second,  and  the 
same  extent  of  the  compaases  will 
reach  from  the  third  to  tlie  foortb ; 
which  fourtli  term  moat  be  so  con- 
tinued as  to  be  the  thing  required, 
which  a  little  practice  will  rendet 
easy. 

SCALENE,  or  Soalbnous,  is  a 
term  nsed  to  distingaish  any  figare 
or  solid,  when  the  fine  drawn  from 
tlie  vertex  to  the  centre  of  the 
base  is  not  perpendicular  to  the 
base. 

SCHOLIUM,  a  note,  annotation, 
or  remarlc,' occasionally  made  on 
some  passage,  proposition,  or  the 
like. 

The  term  is  much  nsed  in  geome- 
try, and  other  parts  of  mathema- 
tics ;  where,  after  demonstrating  a 
proposition,  it  is  common  to  point 
out  how  it  might  be  done  some 
other  way ;  or  to  give  some  advice 
or  precaution  in  order  to  prevent 
mistakes^  or  to  add  some  particu 
lar  use  or  application  thereof. 

S CI E N CE,  in  PhUosovh^,  de- 
notes any  doctrines  deduced  from 
self-evi<jknt  pciuciples.  Sciences 
may  lie  properly  divided  as  fol- 
lows. 1.  The  knowledge  of  things, 
their  constitutions,  properties,  and 
operations :  this,  in  a  little  more 
enlarged  sense  of  the  word,  may 
be  called  natural  philosophy,  the 
end  of  \Vhich  is  speculative  trutli. 
2.  The  skill  of  riglitly  applying 
these  powers.  The  most  consider- 
able under  this  head  is  ethics, 
which  is  the  seeking  out  those 
rules  and  measures  of  human  ac- 
tions that  lead  to  happiness,  and 
the  means  to  practise  them;  and 
the  next  is  mechanics,  or  the  ap- 
plication of  the  powers  of  natural 
agents  to  the  U!ies  of  life.  3.  The 
doctrine  of  signs,  the  most  usual  of 
wliich  behig  words,  it  is  aptly 
enough  termed  logic.  *'  This  (says 
Mr.  Locke)  seems  to  be  the  most 
general  as  well  as  natural  division 
of  the  objects  of  our  understand- 
ing. For  a  man  can  employ  his 
thoughts  about  notliing  but  either 
the  contemplation  of  tilings  them- 
selves for  the  discovery  of  truth, 
or  about  the  things  in  his  own 
power,  which  are  his  actions,  for 
the  attainment  of  his  own  ends ; 
or  the  signs  the  mind  make  use  of 
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both  in  the  nue  and  the  other,  and 
the  right  ordering  of  iheni  tor  its 
clearer  intormalion.  Ail  which 
three,  viz.  things  as  they  are  in 
themselves  knowabie,  actions  as 
they  depend  on  us  in  order  to  hap- 
piness, and  the  right  use  of  signs 
in  order  to  Itnowledge,  being  toto 
calo  different  they  seem  to  be  the 
three  great  provinces  of  the  intel- 
lectaal  world,  wholly  separate  and 
distinct  one  from  another." 

SCREW,  one  of  the  mechanical 
powers,  or  raiher  u  combination  of 
two  of  them,  the  inclined  plane 
and  the  lever,  principally  used  in 
pressing  bodies  together,  or  in  lift- 
ing great  weights,  which  may  be 
conceived  to  be  generated  as  fol- 
lows: 

Let  a  solid  and  a  hollow  cylin- 
der of  equal  diameters  be  taken, 
and  let  tiiere  be  a  righ^angled 
plane  triangle,  whose  base  is  equal 
to  the  circumference  of  the  s6lid 
cylinder,  and  applied  to  the  latter 
in  such  a  manner,  that  the  base 
may  coincide  with  the  circumfer- 
ence of  the  base  of  the  cylinder, 
and  the  hypotenuse  will  form  a 
spiral  thread  on  its  surface.  By 
applying  to  the  cylinder  triangles 
in  succession  similar  and  equal  to 
this,  in  such  a  manner  that  their 
bases  may  be  parallel  to  its  base, 
the  spiral  thread  may  be  continu- 
ed ;  and  supposing  the  threads  to 
have  thickness,  or  the  cylinder  to 
be  protuberant  where  it  falls,  the 
external  screw  will  be  formed,  in 
which  the  distances  between  two 
contigoous  threads,  measured  in  a 
direction  parallel  to  the  axis  of 
the  cylinder,  is  the  perpendicular 
of  the  triangle. 

Again,  let  the  triangles  be  appli- 
ed in  the  same  manner,  to  the  con- 
cave surface  of  the  hollow  cylin- 
der, and  where  the  thread  falls 
let  a  groove  be  made,  and  the  in- 
ternal screw  will  be  formed.  The 
two  screws  being  thus  exactly 
adapted  to  each  other,  the  solid  or 
hollow  cylinder,  as  the  case  re- 
quires, may  be  moved  about  the 
common  axis  by  a  lever,  or  in  such 
other  manner  as  the  nalure  of  the 
case  may  require.  The  external 
screw  is  sometiines  called  the  male 
screw,  and  the  internal  the  female 
jscrew. 
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When  there  is  an  equilibrium 
upon  the  screw,  then  the  puw*.r  is 
to  the  weight,  as  the  distance  be- 
tween two  contiglious  threads,  mea- 
sured in  a  direction  parallel  to  the 
axis,  is  to  the  circumterence  of  the 
circle  described  by  the  power. 

That  is,  if  P  represents  the  power, 
W  the  weight  to  be  lifted,  or  the 
resistance  to  be  overcome,  also  d 
the  distance  of  two  contiguous 
threads,  and  I  the  length  of  the 
lever ;  then  P  :  W  =  d  :  62832  ,  /  . 
calling  6*2832  the  circumference  of 
a  circle  to  radius  1. 

This  results  immediately,  if  we 
admit  the  equality  ia  the  momenta 
of  the  power  and  weight,  for  the 
velocity  of  the  power  is  to  the  ve- 
locity of  the  weight,  as  the  circum- 
ference of  Uie, circle  described  by 
the  poweris  to  the  distance  of  the 
threads  ; '  but'  this  principle  has 
been  justly  objei;ted  to  by  some 
modern  writers,  and  other  demon- 
stration adopted  in  its  stead.  The 
result,  however,  is  the  same  in  all' 
cases ;  and  so  far  as  relates  to  the 
theory  it  is  perfectly  correct;  but 
in  practice,  not  only  the  weight,  or 
resistance,  but  alio  the  friction  of 
the  screw,  is  to  be  orercome,  which 
in  this  machine  is  very  great,  in 
some  cases  equal  to  the  weight  it- 
self, being  frequently  sufficient  to 
sustain  this  after  the  power  is  re- 
moved. 

Endless  or  Perpetual  Screw,  is 
one  which  works  in  and  turns  a 
dented  wheel,  without  the  internal 
screw,  and  is  thus  called  because 
it  constantly  preserves  its  motion, 
while  that  ot  the  wheel  is  conti- 
nued. 

Archimides*  Scbiw,  or  the  Wa- 
ter-Snail, is  a  machine  for  raiding 
water,  which  consists  either  of  a 

f»ipe  wound  spirally  round  a  cy- 
inder,  or  of  one  or  more  spiral 
excavations  formed  by  means  of 
spiral  projections  from  an  internal 
cylinder,  covered  by  an  external 
Qoatlng,  so  as  to  be  water-tight. 
This  screw  is  one  of  the  most  an- 
cient, and,  at  the  ^ame  time,  inge- 
nious machines  we  know,  it  ope- 
rates thus:— 

If  we  conceive  that  a  flexible 
tube  is  rolled  regularly  about  a  cy- 
linder from  one  end  to  th^  other, 
this  tube  or  caual  will  be  f^  screw 
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•r  tpiral,  of  which  we  suppose  the 
iiiterrah  of  the  spires  or  threads 
to  b«  equal.     The  cylinder  being 
placed  with  its  axis  in  a  vertical 
position,  if  we  pat  in  at  the  upper 
end  of  llie  spiral  tube  a  small  ball 
of  heavy  matter,  which  may  move 
freely,  it  is  certain  that  it  will  fo]. 
low    all   ihe  tarnings  of  the  Kcrew 
from  the  top  lo  the  bottom  of  the 
cylinder,  descending  ulways  as  it 
wonld    have  done  had  it  fallen  in 
a  right  line  along  the  axis  of  the 
cylinder,   only   it   would    occupy 
more  time  in  running  through  the 
•piral.  If  the  cylinder  weie  placed 
with  its  axis  horiEontally,  and  we 
again  put  the  ball  into  one  open- 
ing of  ihe  canal,  it  will  descend, 
following  the  direction  of  the  first 
derai-spire ;  but  when  it  arrives  at 
the  lowest  point  of  this  portion  of 
the  tube  it  will  stop.    It  must  be 
remarked,  that  though  its  heavi- 
ness has  no  other  tendency  than 
lo  make  it  descend  in  the  demi> 
spire,  the  oblique   position  of  the 
tube  with  respect  to  the    horizon, 
is  the  cause  that  the  ball,  by  al- 
ways descending,  is  always  advanc- 
ing from  the  extremity  of  the  cy- 
linder, whence  it  commenced  its 
motion,  to  the  other  extremity.  It 
is  impossible  that  the  ball  can  ever 
advance  more  towards  the  farther, 
or,  as  we  shall  call  it,  the  second 
extremity  of  the  cylinder,  if  the  cy- 
linder,   placed    horizontally,     re- 
mains always  immoveable  ;  but  if, 
when    the    ball    is   arrived  at  the 
bottom  of  the  first  demi-spire,  we 
cause   the  cylinder   to  turn  on  its 
axis,  without  changing  the  position 
of  that  axis,  and  in  such  manner 
that  the  lowest  point  of  the  demi- 
spire,  on    which  the  ball  presses, 
becomes   elevated,   then   the  ball 
falls  necessarily    from    this    point 
upon   that   which    succeeds,    and 
which  becomes  lowest;  and  since 
this  second  point  is  mnrt^  advanced 
towards  the  second    extremity   of 
the  cylinder  than  the  former  was, 
therefore,  by  this  new  descent,  the 
ball  will  be  advanced  towards  that 
extremity,   and  so  on  throu^rhout, 
in  such    a  manner   that  it  will  at 
length  arrive  at  the  second  extre- 
mity,   by  always  descending,    the 
cylinder  having  its  rotatory  motion 
Coniiiiucd. 
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Instead  of  the  ball  let  us  nowcoiw 
sider  water  as  entering  by  the 
lower  extremity  of^he  spiral  canal, 
when  immersed  in  a  reservoir: 
this  water  descends  at  first  in  the 
canal  solely  by  its  gravity  ;  bpt 
the  cylinder  being  turned,  the 
water  moves  on  in  the  canal  to 
occup3'  the  lowest  place,  and  thus, 
by  the  continual  rotation,  is  made 
to  advance  farther  and  farther  in 
the  spiral,  till  at  length  it  is  raised 
to  the  upper  extremity  of  the 
canal,  where  it  is  expelled.  There 
is,  however,  an  essential  differ- 
ence between  the  water  and  the 
ball ;  for  the  water,  by  reason  of 
its  fluidity,  after  having  descended 
by  its  heaviness  to  the  lowest 
point  of  the  demi-spire,  rises  up 
on  the  contrary  side  to  the  orig^ 
nal  level ;  on  which  account  more 
than  half  one  of  the  spires  may 
soon  be  filled  with  the  fluid.  This 
is  an  important  particular,  which, 
though  it  need  not  be  regarded  in 
a  popular  illustration,  must  be  Al^ 
tended  to  in  the  more  particular 
exhibition  of  the  theory. 

SEA,  in  a  general  sense,  th^ 
great  reservoir  of  water,  into  which 
the  lakes  and  rivers  empty  them- 
selves, and  from  which  it  is  again 
drawn  by  evaporation,  that  moisr 
ture  which,  falling  in  showers  of 
rain,  fertilizes  the  earth,  and  snp^ 
plies  the  waste  of  the  springs  and 
rivers. 

The  absolute  quantity  of  sea- 
water  cannot  be  ascertained,  as  its 
mean  depth  is  unknown.  Laplace 
has  demonstrated  that  a  depth  of 
four  leagues  is  necessary  to  recon- 
cile the  height  lo  which  the  tides 
are  known  lo  rise  in  the  main 
ocean  by  the  Newtonian  theory^ 
If  we  suppose  this  to  be  the  mean 
depth,  the  quantity  of  water  in  the 
ocean  must  be  immense.  Even  oii 
the  supposition  that  its  mean  deptU 
i»  not  greater  than  the  fourth  part 
of  a  mile,  its  quantity,  allowing  its 
surface  to  be  three-tnurths  of  that 
of  the  superficies' of  the  earth, 
would  be  32  058,93()|  cubic  miles. 

According  to  tlie  most  accurate 
observations  hitherto  made,  the 
surface  of  the  sea  is  to  the  land  as 
three  to  one;  the  ocean,  therefore, 
extends  over  128,235,759  square 
miles,  supposing  the  suxierficies  of 
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the  whole  globe  to  be  170^1,012 
square  miles.  To  ascertain  the 
depth  of  the  sea  is  still  more  diffi- 
cult than  its  superficies ;  hoth  on 
account  of  the  numerous  ex  peri 
inents  which  it  would  be  necessary 
to  make,  and  the  want  of  proper 
iustrunients  for  that  purpose.  Be- 
vond  a  certain  depth  the  sea  has 
hitherto  been  found  unfathomable; 
and  though  several  very  ingenious 
methods  have  been  CQnthved  to 
obviate  this  difficulty,  none  of 
them  has  completely  answered 
the  purpose* 

We  know,  in  general,  that  the 
depth  of  the  sea  increases  gradu- 
ally as  we  leave  the  shore  ;  but  if 
this  continued  beyond  a  certain 
distance,  the  deptn  in  the  middle 
of  the  ocean  would  be  prodigious. 
Indeed,  the  nnmerons  islands  every 
where  scattered  in  the  sea  demon- 
strate  the  contrary,  by  showing  us 
that  the  bottom  of  the  water  is 
unequal,  like  the  land ;  and  that, 
so  far  from  uniformly  sinking,  it 
someiinies  rises  into  lofty  moun- 
tains. If  the  depth  of  the  sea  is  in 
nroporiion  to  the  elevation  of  the 
land,  as  has  generally  been  8U)> 
posed,  its  greatest  depth  will  not 
exceed  four  miles,  for  there  is  no 
mountain  whose  altitude  exceeds 
this  in  perpendicular  height. 
Along  the  coasts,  where  the  depth 
of  the  sea  is  in  general  well  known, 
it  has  always  been  found  propor- 
tioned to  the  height  of  the  shore  ; 
when  the  coast  is  high  and  moun- 
tainous, the  sea"  that  washes' it  is 
deep  ;  when,  on  the  contrary,  the 
coast  is  low,  the  water  is  shallow. 
Whether  this  analogy  holds  at  a 
distance  from  the  shore,  experi- 
ments alone  can  determine. 

In  order  to  compute  the  quan- 
tity constantly  discharged  into  the 
sea,  let  us  take  a  river  whose  .ve- 
locity and  quantity  of  water  are 
known,  the  Po,  for  instance,  dis- 
charges into  the  sea  200,000  cubic 
})ercnes  of  water  in  an  hour,  or 
4,800,000  in  a  day.  A  cubic  mile 
contains  125,000,000 cubic  perches; 
the  Po,  therefore,  will  take  twen- 
ty-six days  to  discharge  a  cubic 
mile  of  water  into  the  sea.  Let  us 
now  suppose,  what  is,  perhaps,  not 
very  far  from  the  truth,  that  the 
quantity  of  water  which  the  sea^ 
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receives  from  the  rix'ers  in  anjr 
country  is  proportioned  to  the  ex- 
tent of  that  country.  The  Po,  from 
its  origin  to  its  mouth,  traverses  a 
country  380  miles  long,  and  the  ri- 
vers which   fall  into  it  on  every 
side  rise  from  sources  about  sixty 
miles   distant  from    it.     The  Po, 
therefore,  and  the  rivers  which  it 
receives,  water  a  country  of  45,600 
square  miles.  Now,  since  the  whole 
superficies  of  the  dry  land  is  about 
43,745,253  square  miles,  it  follows, 
from    (mr    supposition,    that    the 
quantity  of  water  discharged  by 
all  the  rivers.in  the  world,  in  one 
day,  is  thirty-six  cubic  miles.    If, 
therefore,theseacontains32,058,939 
cubic  miles  of  water,  it  would  take 
all  the  rivers  in  the  world  2439 
years  to  discharge  an  equal  quan- 
tity.   It  may  seem  surprising  that 
the  sea,  since  it  is  continually  re- 
ceiving such  an  immense  supply 
of  water,  does  uoi  visibly  increase, 
and  at  last  cover  the  whole  earth. 
But  our  surprise  will  cease,  if  we' 
consider  that  the  rivers  themselves 
are  supplied   from   the   sea,    and 
that  they  do  nothing  more   than 
carry  back  those  waters  which  the 
ocean  is  continually  lavishing  up- 
on the  earth. 

SEASONS,  certain  portions  of 
the  year,  as  Spring,  Summer,  Au- 
tumn, and  Winter. 

SECANT,  in  Geometry ^  a  line 
which  cuts  another,  whether  right 
or  curved. 

Secant,  in  Trigonometry ^  is  a 
right  line  drawn  from  the  cenfre 
of  a  circle  to  meet  the  upper  or 
farther  extremity  of  any  tangent, 
to  the  same  circle. 

An  arc  and  its  supplement  have 
their  secants  equal,  only  the  lat- 
ter one  is  accounted  negative, 
being  drawn  the  contrary  way  to 
the  former.  And  thus  the  secants 
in  the  second  and  third  quadrants 
are  negative,  while  those  in  the 
first  and  fourth  quadrants  are  po- 
sitive. 

The  secant  of  an  arc,  which  is 
the  complement  of  the  former 
arc,  is  ^aUe4.  the  cosetfant,  or  the 
secant  of  its'  complement.  The 
cosecants  in  the  first  and  second 
quadrants  are  affirmative,  but  in 
the  third  and  fourth  negative. 

The  secant  of  an  arc  is  recipro* 
2i»3 
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C9iUy  •»  the  cosine,  and  the  cune- 
rant  reciprocally  an  tlie  sine,  or 
llie  rectaiiple  or'  the  secant  and 
eoKine,  and  the  recianple  of  tiie 
cosecant  and  nine,  Hre  each  equai 
to  the  squaie  of  the  radiuK. 

An  arc  a,  to  the  radiuA  r,  being 
given,  tiie  secant  s  and  co*iccant 
0-^  and  their  logarithms,  or  ttie  lo- 

purithmic  secant  and  cosecant, 
may  be  expressed  in  infinite  series, 
as  follows,  t'lx. 

,   a^    ,      5a*     ,     01a«    , 

977  a^  „ 

&c. 


15120  r* 


+ 


/^   4-2?  +  -    + 


2635        37800 
wliere  m  is  the  modulus  of  the 
system  of  logarithms. 
If  a  be  any  arc,  then 

sec.  «a 
sec.  2a=- 


sec.  3  a  = 


sec.  4  a  = 


2  —  sec.  ^a 
sec.  ^a 

4 — 3  sec. -'« 
sec.  ''a 


sec. 


8  —  8  sec.  '«^a  +  sec.  *a 
.      2  sec.  a 

*  ''■"n/  r+TecTV 

Skcknts,  Figure  of.  See  Figure. 

SECOND,  is  the  Hixtieth  part  ol 
a  minute,  both  as  il  relates  to  the 
measure  of  angles  or  time. 

SKCTION,  in  Geometry,  denotes 
a  side  or  surt'ace  of  one  body  or 
figure  cut  by  another,  or  the  place 
where  lines,  planes,  &c.  cut  each 
other. 

Sections  of  a  Cone,  See  Conic 
Sections. 

SECTOR,  in  Geometry,  is  a  por- 
tion of  a  circle  comprehended  be- 
tween any  two  radii  and  their 
intercepted  arcs 

Similar  Skctors,  are  those 
who&c  radii  include  cuuul  angles. 
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To  find  tht  Area  of  a  Seetorj-^ 
Say  as  3fl0°  is  to  the  degrees,  Ac. 
in  the  arc  of  the  sector  ;  so  is  the 
area  of  the  whole  circle  to  the 
area  of  the  sector. 

Or  multiply  the  radios  by  the 
length  of  the  arc,  and  hall  the 
product  will  be  the  area. 

Secior  also  denotes  a  mathema- 
tical instrument  of  great  nse  in 
finding  the  pioportitm  between 
qualities  of  the  same  kind  :  as  be- 
Lween  lines  and  lines,  surfaces  and 
surfaces,  &c.  whence  the  French 
call  it  the  compass  of  proportion. 

The  great  advantage  of  the  sec- 
tor above  the  common  scales,  &e. 
is,  that  it  is  made  so  as  to  fit  all 
rariii,  and  all  scales.  By  the  linef 
of  cliords,  sines.  See,  on  the  sector^ 
we  have  lines  of  chords,  sines,  &C 
to  any  radius  betwixt  the  length 
and  breadth  of  the  sector  when 
open. 

The  sector  is  founded  on  the 
fourth  proposition  of  the  sixth 
book  of  Euclid ;  where  it  is  de- 
monstrated, that  similar  triangles 
have  their  homologous  sides  pro- 
portional. 

SECULAR  Equationst  in  Astro- 
nomy ^  are  corrections  required  to 
compensate  such  inequalities  ia 
the  motions  of  the  heavenly  bo- 
dies as  are  found  to  obtain  in  the 
course  of  a  ceiitur}*. 

SEGMENT  of  a  Circle,  is  a  part 
of  a  circle  bounded  by  an  arc  and 
its  chord,  and  is  either  greater  or 
less  til  an  a  semicircle.  The  fol- 
lowing are  their  most  remarkable 
properties  :  all  angles  in  the  same 
segment  of  a  circle  are  equal  to 
each  other ;  if  the  segment  is 
greater  than  a  semicircle,  the  an- 
gle is  less  than  a  right-angle ;  if 
less  than  a  semicircle,  it  is  greater 
than  a  right-angle. 

Segment  of  a  Sphere,  is  any 
part  of  a  sphere  cut  ofl'  by  a  plane ; 
the  section  of  which,  with  the 
sphere,  is  always  a  circle. 

To  find  the  Superficies  and  Solidity 
of  Spherical  Stgments. 

Let  d  denote  the  diameter  of  the 
sphere,  or  the  chord  of  half  the 
circumference,  and  c  the  citord  of 
half  the  arc  of  any  segment,  also 
a  the  altitude  or  versed  sine  <jrthe 
same  ;  then,  3  Hiikfi  it  the  surlace 
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of  the  whole  sphere,  and  3'l416c^, 
or  3  1410  a  tf,  the  surface  of  the 
sepfineiit. 

To  find  the  Solidity— V»  To  three 
times  the  square  of  the  radius  of 
its  base,  add  the  square  of  its 
heif^ht ;  muiliply  the  sum  by  the 
height,  and  the  product  by  '5236. 
Or,  2diy,  From  three  times  the  di- 
kmnter  of  the  sphere,  subtract 
twice  the  height  of  the  frustrum  ; 
multiply  the  remainder  by  the 
square  of  the  height,  and  the  pro- 
duct by  *5236.  That  is,  in  symbols, 
the  solid  content  is  either 
=  -5236^  X(3r«+«<«)or='523fltf8  X 
(3d — 2a} ;  where  a  is  the  altitude 
of  the  segment,  r  the  radius  of  its 
base,  and  d  the  diameter  of  the 
whole  sphere. 

SEMICIRCLE,  is  half  a  circle, 
or  the  area  comprehend^ed  between 
a  diameter  and  the  seniicircum- 
ference. 

•  Sbmicirclb,  or  Graphometer,  is 
the  name  of  an  instrument  much 
used  in  surveying ;  it  is  a  sort  of 
half  theodolite,  the  only  difference 
being,  that  the  limb  of  the  theodo- 
lite is  an  entire  circle  graduated 
from  1*  to  360",  whereas  in  the 
semicircle  the  gradation  is  only 
carried  to  ISO"*.    See  Theodolite. 

SBMIDIAMETER,  the  same  as 
Radius. 

SERIES,  in  Algebra,  i^  a  con 
tinned  rank,  or  prc^ression,  of 
qaantities  connected  together  by 
^the  signs  of  -|-  or  — ;  usually  pro- 
ceeding according  tu  a  certain  de- 
.terminate  law. 

Such  are  the  following  ; 

*+3  +  5  +  r+9*«^- 

1+  r4--:?  +-2  +n  +  &c. 


2 


8    '   10 


die  former  being  the  reciprocals 
of  the  odd  numbers,  and  the  latter 
a  geometrical  series,  of  which  the 

.•     •    1 
ratio  w  r* 

Series  are  of  different  forms. 
Slid  arise  in  varitms  ways,  but 
more  commonly  from  the  exp<<n- 
siun  of  some  binomial  expressiou  ; 
thus  we  find 

1  1       6        6« 

-.-+&C. 
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+  --f&c. 

which  differ  from  each  other  only 
ill  the  signs. 

Series  also  receive  several  dif' 
ferent  denominations  according  to 
certain  circumstances  relating  to 
iheir  formation,  the  law  whicli 
they  observe,  &c.  as  converging, 
diverging^  &c.  series. 

Converging  Series,  is  one  in 
which  the  terms  decrease,  or  be- 
come successively  less  and  less,  as 

Diverging  S  eries,  is  one  in  which 
the  terms  continually  increase,  as 

l_2+4  —  8+10  —  32-I-&C. 

Neutral  Series,  is  that  in  which 
All  the  terms  are  equal  to  eacii 
other;  such  is 

1—1  +  1— 14-1  — 1  +  &C. 
which  arises  from  the  division  of 
1  bv  l  +  l. 

indeterminate  Series,  is  one 
whose  terms  proceed  by  the  powers 
of  an  irdeterminate  quaniily,  as 

ar+  i  a:«  +  Jx5+  ix*  +  &c. 
and  this  is  either  ascending  or  de- 
scending. 

An  Ascendirm  Series,  is  that  in 
which  the  p'-wers  of  the  indeter- 
minate, or  unknown  quantity,  coiw 
tinually  increase,  as 

l  +  ai  +  6a:«  +  ca:'»+&c. 

A  Descending  Series,  is  that  in 
which  the  powers  of  the  indeter- 
minate  quantity    continually    de- 
crease, a9 
1  +  ax—^  +  ftx—*  +  car— 3  +  &c.  or 

Law  qf  a  Series,  is  used  to  de 
note  that  relation  which  subsists 
between  the  successive  terms  of  a 
series,  and  by  which  their  general 
term  may  be  denoted  *,  thus  the 
series 

128 
-ar*+&c. 

may  be  pat  onder  the  form 

2.4.0.8^    - 
3.&.7.»      ' 


.^k.^ 
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wiiere  the  law  by  which  It  amy 
'  hm  ind«finiitly  continued  b  ouuii* 
feat. 

Iliere  are,  betide  these,  vartoiu 
otlier  denominalioM  lor  particiUar 
series,  or  particular  forms  of  series, 
as 

Circular  Sbhiss,  which  is  that 
whose  sum  d<'pends  npou  the  quad- 
rature of  the  circle. 

Recurring  Sbeibs,  is  one  In 
wliicli  each  leim  is  some  constant 
fnncUon  of  a  ceitain  number  of 
the  preceding  terms.  See  Rxcua- 
KiMO  Series. 

Summation  of  Sbkiss,  is  the 
method  of  finding  the  sum  of  a 
series,  whether  the  number  of  its 
terms  be  finite  or  infinite. 

We  have  already  explained  the 
method  of  finding  the  successive 
diiferences  of  the  terms  of  a  series, 
and  therefore  in  this  place  we  shall 
find  the  sum  of  a  given  series. 

1.  To  find  the  nth  term  of  any 
seriJes  a,  b,  c,  d,  e,  ftc.  when  the 
difierences  of  any  order  become 
equal  to  each  otlier. 

Let  di,  d'l,  d"!,  d",  &>,  Ac.  be  the 
first  terms  of  the  several  order  of 
differences,  then  will 

[,-!)  («-«)(,-■»)  ^ 

l.^t.S 

=:  the  nth  term  required. 

Thus,  if  it  were  required  to  find 
tlie  12th  term  of  the  series 
S,  0,  It,  80,  30,  &c. 

Here  we  liave 

S      0      12     SO      30,    &c. 
Istdiff.      4      6       8       10,      &c. 
Sd  diff.         2       8       8,       &c. 
itd  diff.  0       0,        &c. 

therefoic,  a  ■»  2,  d/ =  4,  d"=s«, 
and  d"/  =0;  alao,  »=  12,  whence 

.■t."-pj^+<»-;'/;-*W 

&c.  =  2  +  II  df  +  W  d"  =  156, 
the  I2th  term.        ' 
Again,  required  the  80th  term  of 
the  series  of  triangular  numbers 
I,  8,  6,  10,  13.  &c. 
1      3      G      10      16    &c 
Utdiff.       2      3      4      6,      &c. 
2d  ditf.         1        1      1        &c. 
3d  diff.  0      0,        Ac. 

tlierefore  ir  =  1 ,  d' = 8,  d"  =  1,  and 
n  ar  20 ;  whence 
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••-1  («--l)J«-^^ 

cB  I H- 19  df  +  in  d»  w  tIS. 
S.To<find  the  sum  of  m  terms  of 
any-  series,  of  which  aoy  order  of 
its  diiferciicet  are  equal  to  caeh 
other. 

Let  df ,  d",  d'l,  dte,  Aec  be  the  flnt 
of  the  several  order  of  dUTereaoeSk 
then  will 

i»(»--l)^      wfn-^l)  (is— 1^) -, 

*"•■    1.8        "^         l.«.s 
is(js~l)(is->8)(i»— 3) 

^  l.£.3.4  "^ 

Ac.  sr  the  lum  of  u  terms  sb  re> 
quired* 

Bequlred  the  nm  of  the  tenil'. 
of  squares, 

1,  S»,  3«,  4«,  Ac,  to  i#. 
1       4       9        M 

isidur.     •      •     r 

ad  diff.  %      % 

3d  diff.  0 

therefore  «b1,  d/zs^h  <l*sSs 

consequently 

.  3ii(i»— I)  .  8.w(f*— 1)  (ft— 8) 

*•■**'    1.8     "*■         TiTa 

(8is-hl)(i»-f  l)<t 

""  6 

terms. 

Leibnits  gave  several  corloiis 
numerical  series  of  a  different  kind 
from  the  former;  among  which 
may  be  reckoned  the  following : 

T  +  s-  +  n  +  «-  +  s  +  iS  +  *c.  . 


som  of  » 


3    '  8 

Or 

I 


16  '  24      35 


+ 


+ 


48 
1 


+  Ac. 


2^  —  1  '  3*— I  '  4^—1  '  6^—1 
the  sum  of  an  infinite  number  of 
terms  of  whicli  is  equal  to  |.  The 
sum  of  its  odd  terms  being  equal 
to  i,  and  of  the  even  terms  to  i, 
that  is 

-+  -+  i-  +  i:-t-Ac.  =  ^,Mid 

3  ^  16  ^  36  ^63  ^  8  » 

8+24  +  48  +  80  ■*"*^-~4 
tlie  sum  of  an  infinite  number  of 
terms  of  the  same  series,  omitting 
every  three  terms,  from  the  Ist  to 
the  6th,  from  the  6th  to  the  9th, 
Ac.  as 

3  ^33^1»^193^323^ 
is  equal  to  the  area  of  a  circle,  of 
which  the  inscribed  square  is  i* 


5-  +  5  +  ;5i,  +  55.  +  S,+ 


"■"^••^'"iSi!'""" 


of  the  »Dia  nnmber,  ihi^  ate  nnl 
K'nn(d"'on'"heK  mT^rj,  iSclr 
plu.  Ihey  occupy  in  the  reinll-, 


BETTANS,  ■  new  conilellmUo 
See  reiuleUatkm. 
BBSTINT,  Is  the  >iuli  part  of 


"ShiLlEnG^  bd   Eneliili   iil»er 


SHtT,  in  miUarg  ifaln. 


-S  lO 


.i.of41ii.. 


<l)ei  die  toeich  oiherwiUe  cubu 

II.  for"  he  'dUmf  Wr  «nd  weights 
■n  iron  ihot.  si^d  D  and  W  £r  ihe 


SIDEREAL,  or  JUdirial,  uy 
hinirelaiiiiRWIheiun. 

SIDUS,  G(«rrhiiB.  See  Una  HIT  •. 

SIGNS,  in  Altrim,  are  lymbola 
■ni|>lojed  in  tiidicalE  c<iii>n  ope- 
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I  Aries  •  .  •  .  <Y* 

■Kig*:.  Jt'"""  •  •  •  « 

(Gemini*  •   •    Q 

J  Cancer  •  •  •  ® 
f  /^ 

"*** Sc 
Virgo  ••••!» 

t  Libra  •...!& 

Antnmnal    Je        ■  m 

signs.       i  S^'O'^P**'  •    •  "l 

(Sagittarins  •  ^ 


fCapricornns   Vf 

•  Winter  signiul  Moarius  •  •  «J 

C  Pisces  •    •  •  )£ 

Tiie  southern  signs  are  sometimes 
called  ascending  signs,  and  tlic 
nortliem  defending  signs* 

SIMILAR,  is  a  word  ased  to  de- 
note two  tilings  having  tlie  same 
disposition  and  conformation  of 
parts,  differing  from  eacli  other 
only,  in  quantity  or  magnitude. 

SiMiLAa  Plane  Figures,  in  Geo- 
metrp,  are  sucli  as  iiave  the  angles 
of  the  one  respectively  equal  to 
the  angles  of  the  other,  and  tiie 
•ides  about  those  angles  propor. 
fional ;  and  such  figures  are  to 
each  other  as  the  squares  of  their 
lilce  sides. 

Ail  equiangular  triangles  are  si- 
milar,  as  are  also  all  regular  plane 
figures  of  the  same  number  of  sides. 

SiHiLAa  Sectors,  and  Segments 
of  Circles,  are  such  as  are  con- 
tained under  arcR,  having  the 
same  measures,  or  being  the  same 
pSLVt  or  parts  of  their  respective 
jBircles. 

Sim  I  LAS  Solids,  are  those  which 
are  contained  under  the  same 
Mumber  of  similar  planes  alike 
placed,  or  such  as  have  their  solids, 
angles,  equal  each  to  each ;  and 
all  such  bodies  are  to  each  other 
as  the  cubes  of  iheir  like  sides,  or 
like  linear  dimensions* 

SisiiLAR  Curves  are  such,  that 
■Imy  ri<;ht-lined  figure  being  in- 
Isbribcd  within  the  one,  a  similar 
rectilinear  figure  may  be  inscribed 
within  the  other. 

Similar  LUivses,  Parabolas, 
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and  Hypcrboias,  are  soeh  as  \wt 
their  axes  and  parametera  propor* 
lioniil. 

Similar  Bodies,  in  Pkgfsles,  are 
such  as  liave  the  sanM  coo^poncAt 
parts. 

SIMILITUDE,  the  ivlatioa  of 
things  that  are  tlmiUur  to  each 
other. 

SiMPLS  EMuaUm,  in  Algebra,  b 
that  in  whicb  only  the  simple 
power  of  the  unknown  qnantibf 
enters,  as  fc«ss6;  >«  +  ««=•, 
&c* 

Rule  for  the  solation  of-  Simple 
Equations.  —  Transpose    all    the 
terms    contairiine    the    unknown 
quantity  to  the  lefthand  side  of 
the  equation,  and  sill  the  known 
quantities  to  the  other  idde.  nien, 
if  the  unknown  quantity  1>e  mnlti* 
piled  by  any  known  quantity,  Uit 
whole  equation  mast  he  divided 
by  it,  sma  the  quotient  will  be  the' 
value  of  the  nnknown  quantity.  If 
the  unknown  qnantlQr  Imb  divided 
by  any  known  quantity,  the  whole 
equation  must  be  multiplied  by 
that   divisor.      If   the    unknown 
quantity  be  involved  in  any  radi> 
cal,  such  a  pdwer  of  both  sides  of 
the  equation  must  be  taken,  as 
will  destroy  the  radical ity ;  tiiat 
is,  if  it  l>e  the  square  root,  th« 
known  qnaotity  must  be  squared ; 
if  it  he  the  cube  root,  it  must  be 
cube,  and  so  on.    If  the  unknown 
quantity  be  involved  in  any  power, 
such  a  root  of  both  sides  must  i>e 
taken  as  will  reduce  the  unknown 
quantity  to  a  simple  power.    So 
tliat,  in  all  cases,  the    unknown 
quantity  is  found  by  performing 
on  the  known  side  of  the  equation 
the  reverse  operation  to  that  under 
which  the  unknown  quantity  en 
ters;  that  is.  If  it  be  multiplied, 
you  must  divide;  if  it  be  divided, 
you  must  multiply ;  if  it  be  any 
radical,  you  must  involve;  and  it 
it  be  any  power,  you  must  extract 
the  root  of  that  power. 

Note,  In  transposing  any  quau' 
tity  from  one  side  of  the  sign  of 
equality  to  the  other,  the  sign  of 
it  must  be  changed  from  4-  to  —, 
or  from  —  to  +.  Transposing  a  4- 
quantity  is  the  same  as  subtracting 
it  from  both  sides  of  the  equation, 
and  transposmg  a  —  quantity  th« 
same  as  adding  it  to  both. 


Unluply    by   I  — >>,  then 
By  Innipoaltian,  Ui«=ta 

SiKFLi ,  Qmnllts,   in   Algibra, 

SINE,  or  XlthI  Sint  o1  in  *tc, 

drawn  from  cUiler  citlrrmfLy  if'*' 

loinlng  tE*ntkc"»u(inlIy  aud 


it  It  ueunnlcd  negulvc. 
The  line  of  «»',   or  radlni,  ii 

Co-Sini  of  in  uigJc  'ii  Ihc  ilnc 


Crt  of  Ihe  dianieUr  inUrcepu 
IwHn  the  tins  and  ihe  >ui 

^UAXWHc  Df'SlHH.  The  ohj< 


"i«t'f^I''"i^^  d 


nsle.  ira  the 


I  from  pnri  annlyllMl  prto- 
eiplcljindlrlgoiinnielryiidlvmed 


(a+ »).  ThcD  W€  bsie,  by  umi 
eo^fa'+  N  =  cot.  a  .  COS.  »  —  I 


Nnirwe  know  ih>ll  =  tin.  SflV 

And  inbtncUHE  thli   from  (ha 
ibove,  WB  iiavo 
Qr  fiin.>a{l— iin.»*) 

iin.t(a-t^>r{  cat.  ft .  cot.  a  tin.  A=: 
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tin.  ij^^qj 


eo>.  (c  -f  6)  =  coft. «  .  cot*  b  — 
■lii,«.  %in,b 

COS.  (a— 6)  ss  coSi^  •  cot.  b  + 
tin.  a .  tin.  ft 

sin.  (« -f-  ft)  ss  tin.  a .  cot.  ft  + 
cot. « .  tin.  b 

tin.  (a  — v)  =  tin.  a  .  cot.  6  — 
cot.  a  •  sin.  b 

And  by  meant  of  the  ambiguoat 
sign  ±:  thete  four  fandamental 
tbeorerat  may  be  reduced  to  the 
two  following :  vis. 

cot.  (G^b)  ss  cot.  a .  cot.  b  rf 

tin.  a  .  sin.  b 
tin.  (a  ^  6)  s  sin.  a .  cot.  b  7 

COS.  a  .  sin.  6 

And  from  these  we  readily  draw 
the  following  expression  for  the 
cosines  and  sines  of  multiple 
arcs,  via.  by  making  a =6,  we  ob- 
tain the  sin.  and  cot.  (if  S  a,  and  a 
timilar  tnbttitntion  givet  nt  the 
tinet  and  cotinet  of  other  multi- 
plet,  but  at  our  limitt  will  not 
admit  of  tracing  these  several 
transformations  through  all  their 
ateps,  we  sbail  merely  state  some 
of  the  most  remarkable  and  useful 
results,  but  for  their  investigations 
we  must  refer  the  reader  to  the 
following  works :  viz.  "  Trait^  de 
Trigononietrie,"  by  M.  Cagnoli, 
translated  from  the  Italian  by  M. 
Chompre ;  Bunnycastle's  Treatise 
of  Plane  and  Spherical  Trigono- 
metry, Sd  edit. ;  Woodhouse^  Tri-. 
gonometry,  and  the  article  Arith- 
metic of  Sines  in  the  Brewster's 
Encyclopedia. 

Sonne  of  the  most  useful  formulae 
relating  to  sioes  and  cosines  are 
as  follow ;  similar  expressions  for 
tangents,  secants,  &c.  will  be  found 
under  the  'articles  Tanosmt  and 
Sbcant. 
COS.  (a — 6)  -|-  cos.  (a  +  fr) = 2  cos.  a. 

COS.  b 

COS.  (a  ^  b)  —  COS.  (a  +  ft)  =  3  ud.  a. 

sin.  b 
tin.  {a  +  b)-\-  sin.  (a*  6)  =  2  sin.  a. 

cqs.fr 
Bin.  (a  4-  fr)— tin.  (a—b)  =2cos.a. 

sin.  b 
•Or  writing  a  =  }  (|> -I- ;)  and  &  =  i 

ip—9) 
COS.  q  4-  COS.  |»  =  2  COS.  ^  CP  +  9) 

COS.  i  (!»—}) 
COS.  q  —  COS.  «  =  2  sin.  )  (j^  -^  q) 

sin.i(p  — J) 
tin.  p  -f-  sin.  9)  =  2  tin.  i  {p  -^  q), 

COS.  i(i»  — j) 
4M 


Or  wriung  a  ss  «  «,  fad  ^c=;« 
cot.  (»-1)f4- M.  CB+ l)yes 

cot.  p,  cot.  •• 
COS.  («  ^1)  ji— Mt.  {n+l)psz% 

sill.  «.'tiD.  np 
tin.  (H  -H)  jr  +  •lihi0«-DjpAS 

COS.  •.  sin.  mp         ■ 

sitt.(ii+l)jS-.ri«.C»-I)jPe« 
tm.  p*  cot.  »p 

From  which  are  neadily  obtained 

the  thie  and  cotine  of  my  nahiifle 

arc,  «ii.  by  making  ^  a*  «,  mm 

a  =  «,  cotine  «  »  jr«  and  it  =  1,  t, 

3,  Ac  we  readily  obtaia  the  fol- 

iowing  formnis : 

cot.  2a  =  2«cocl  «— cflc^c 

eot.8as=Sjroo«.S«— coc.  1# 

cot.  4  «  =  S  c  eoa.  a  «  —  cot.  2  c 

cot.  ff  41  ss  2«  cot.  4  «  —  COS.  •  a 

ScCt  4cc» 

Where  Hm  law  it  obTiont,  and 
which  my  be  bwwght  uadcr  the 
following  fotm  s 

<MM.l«tss« 

OOt.f4iasE4^— >|^ 
COt.S«s«* — **3I^ 
cot.  4'tiaBi4(*— •6a*«*-|-  f4 
cot.  S  «sc*— 10  J!i||«+g«y* 

cot.  easj^— 15j!«^-f-Mj^-4l> 


cot.  »•=«»— rx»    Tf*-t-#a^  *f* 

+<««— VfAc. 

Where  r,  «,  #,  Ite.  are  the  alter- 

nate  co  effidentt  of    a   binondU 

raised  to  the  nth  power. 
And  in   a  similar  manner   we 

have  from  formula  3, 
Sin.  <  a  =  2{r  sin.  1  a  —  an.  •  a 
Sin.  3  a  =  2  4r  sin.  2  a  —  sin.  1  a 
Sin.  4a  =  2xsin.8a<— sin. 2a 
Sin.  5a  =  Zx  sin.  4  «  —  tin.  3  m 

Sec  &c* 

Or, 

Sin.la=y     ' 

Sin.Sa=2ary 

Sln.3a=34«y—  y» 

Sin.4a«s4«3y —  4ary* 

Sin.5ci=5a:*y— 10j«^  +  y» 

Sin.Oa=«**y— 20arSy»+«»* 
Sin.  na=n  a:** — ly — j»jc«-_ay8-|. 

^  am  —6  —  &c.  where  n,  p,  g^  are  the 

alternate  even  terms  of  a  binomial 

raised  to  the  power  n. 

In  the  first  series  the  upper  sign 

is  to  be  used  when  n  is  of  the  form 

4  m  4*  If  And  the  lower  wlien  it  is 

of  the  form  4  as  —  1.    And  in  the 

second  the  upper  sign  is  to  be  used 

when  n  is  of  the  form  4  m,  and  the 

lower  when  it  is  of  the  foim  4  m-)-'' 
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In  all  the  preceding  formulse  we 
have  considered  radius  as  unity; 
but  in  case  it  is  niecessury  to  intro 
ducelt,  it  is  only  necessary  to  make 
it  enter  into  each  lerm  with  such 
a  tmwer  as  will  render  all  the  terms 
homogeneous.  . 

Ttie  following  are  some  of  the 
simplest  cases  in  which  the  sines 
of  certain  angles  are  expressible 
in  surd  forms. 
Sin.   0  =  0 
Sin.   0"* 

=  -5{v/(3+V5)-V(5-v/5)} 
Sin.  15*  =  J  (v/ 6  —  ^2) 

Sin.  18*»  =  ^(1  +  V«) 
Sin.  27» 

Sin.  30'  =  •? 
2 

Sin.  3«»  =  -?  ^/  ao  —  2  V  *) 
4 

Sin.  AS'*  =  ^y/5 

Sin.  54»  =  ^  (1  +  V  5) 

Sin.  60'  =  ^  V  3 
Sin.  63^ 

Sin.  72*=:  J- V  (10 +  2^3) 

Sin.  75- =  L{^0^y/2) 
Sin.  81® 

Sin.  90"  =  r. 

SINICAL  Quadrantf  is  a  quad- 
rant made  or  wood  or  metal,  with 
lines  drawn  from  each  side,  inter< 
seeling  each  other,  with  an  index 
divided  by  sines,  also  with  90  de> 
grees  on  the  limb,  and  sights  at  the 
edc:e. 

SIPHON,  or  Syphoh,  Is  a  bent 
tube  used  in  drawing  off  wine, 
liquors,  and  other  fluids  ;  the  prin- 
ciple of  which  may  be  illastrated 
follows. 

If  one  end  of  the  siphon  or  bent 
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tube  be  pnt  into  a  vessel  of  watei^ 
or  Huid,  and  the  other  end  with^ 
out  be  lower  than  the  surface 
of  the  water;  then,  if  the  air  bt 
drawn  ont,  the  water  will  ascend 
in  the  leg,  in  consequence  of  the 
pressure  of  the  atmosphere  on  the 
external  surface  of  the  fluid,  from 
which  it  will  descend  in  the  other 
leg  by  its  own  gravity,  and  be 
there '  discharged  into  any  vessel 
placed  to  receive  it.  For  the  pres- 
sure  of  the  air,  to  force  the  fluid 
back,  is  equal  to  the  pressure  of 
the  air  on  the  surface  of  that  in 
the  vessel,  which  force  is  exerted 
to  drive  the  fluid  in  the  contrary 
direction;  at  least,  these  forces  are 
very  nearly  equal,  the  only  dif- 
ference being'  in  their  different  al- 
titudes, and  consequently  different 
densities  of  the  air  at  those  places, 
which  must  necessarily  be  ex- 
tremely small.  But  the  former 
pressure  is  opposed  to  the  pressure 
or  weight  of  a  long  column,  and 
the  latter  by  the  pressure  of  a 
short  one;  tne  latter  pressure  of 
the  air,  therefore,  being  less  op* 
posed  than  the  former,  the  fluid 
must  move  in  the  direction  of  the 
greater  pressure. 

When  the  siphon  is  very  large, 
and  several  feet  in  height,  as  in 
drawing  off  water  from  a  valley  or 
pit,  it  will  be  best  to  proceed  as 
follows.  Stop  the  two  orifices,  or 
at  least  that  at  which  the  dis- 
charge  is  to  take  place,  and  then 
by  means  of  an  opening  made  at 
the  top  for  the  purpose,  till  the 
siphon  completely,  and  then  stop 
this  opening  by  means  of  a  plug, 
or  otherwise;  after  which,  if  the 
two  ends  be  opened,  the  water  will 
begin  to  flow,  and  so  continue  till 
either  the  water  be  exhausted,  or 
till  the  surfaces  of  it  at  each  eiui 
are  in  the  same  horizontal  line. 
It  must  be  observed,  however, 
that  this  cannot  be  pnt  in  practice 
if  the  top  of  the  siphon  be  more 
than  33  feet  above  the  surface  of 
the  water  to  be  drawn  off. 

SIRIUS,  the  Dog  Star,  a  very 
bright  star  of  the  first  magnitude, 
in  the  constellation  Ganis  Major, 
or  the  Great  Dog. 

SITUS,  In  Algebra  and  Geometry, 
is  used  by  WoTfius  and  Leibnitz  to 
denote  the  situation  of  luies,  sur- 
2Q 
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(mci,  Aeo.  It  U,  howevM*,  never 
««ed  by  modem  anthon. 

8U0IN0,  in  MedUmies,  U  the 
■notion  of  a  body  along  a  plane, 
when  the  Mtme  face  or  snrface  of 
the  moving  body  keeps  in  contact 
with  the  ftorface  of  the  plane. 

8LINO,  a  string  instmment,  used 
in  casting  stones,  Ac.  which  it  does 
wiUi  great  violence.  The  motion 
of  a  stone  discharged  from  a  sling 
arises  from  its  centrifogal  force, 
when  whirled  ronnd  in  a  circle. 
Tlie  velocity  with  which  it  is  dis* 
charged,  is  the  same  as  that  which 
St  has  in  the  circle,  which  much 
exceeds  what  could  be  communis 
cated  to  it  in  any  other  way  by  the 
hand  ;  and  the  direclion  in  which 
it  is  discliarged  is  that  of  the  tan- 

Sent  of  the  circle  at  tlie  p»int  of 
ischarge;  whence  its  motion, 
flight,  «c*  may  be  computed  the 
same  as  a  common  projectile. 

8M0K;EL  a  humid  matter  ex- 
haled in  the  form  of  vapour  by  the 
action  of  heat,  either  externally 
or  internally. 

SNOW,  a  well-known  meteor, 
formed  by  the  freezing  of  the  va-^ 
.  pours  of  the  atmosphere. 

SOLID,  in  Geometrp,  is  a  bddy 
of  three  dimensions,  having  length, 
breadth,  and  thickness:  being 
thus  distinguished  from  a  surface 
which  has  but  two  dimensions,  and 
from  a  line  which  has  but  one. 

SoLiDt  in  Physics,  is  that  whose 
parts  adhere  to  each  other  with  a 
greater  or  less  force;  being  thus 
distinguished  from  a  fluid,  whose 
parts  yield  to  the  least  external 
pressure. 

Regular  Solids,  are  those  bound- 
ed by  equal  and  regular  plane 
figures. 

Solid  Angle,  is  that  formed  by 
three  or  more  plane  angles  meet* 
ing  in  a  point,  like  an  angle  of  a 
die,  or  the  point  of  a  diamond, 
&c.  Or,  more  generally,  a  solid 
angle  is  the  angular  space  in> 
eluded  between  several  plane  sur- 
faces. 

Solid  angles  may  be  computed 
and  compared  with  each  other,  as 
to -quantity,  by  considering  the 
angular  point  as  the  centre  of  a 
sphere,  and  the  portion  of  its  sur- 
face intercepted  between  the 
bounding  planes  as  the  measure  of 
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the  angles.  AsMimhi|r»  thciic  tmf 
number  as  Mm  for  emplfihn  um 
whole  spherical  saHkec*  or  lfl#  \ 
for  half  the  same,  being  the  liait 
of  the  greatest  solid  ftBgle;  tbt 
measure  of  the  ancles  of  any  woiM 
will  be  known  by  ftitding  the 
measure  of  the  sphcrleal  sarlhee 
indaded  between  its  bonnding 
planes.  This  idea  of  eomparliig 
solid  angles  by  moaaa  of  spherieu 
surfaces,  seens  to  li&to  l>een  first 
given  by  Albert  Girard,  In  his  **  Is. 
ventions  Noaveiles  en  iCAlgebra," 
and  has  been  lately  much  extend- 
ed and  exemplified  in  vol.  iiL  of 
Dr.  Hotton'f  *'  Coarse  of  Mathe* 
matics." 

Solid  AiiM&cr#, are  those  arising 
from  the  prodnct  of  Uureoi  priae' 
factors. 

Solid  PrMem,  it  that  whieh 
cannot  be  constracted  geometri- 
cally, viM,  by  means  of  right  lines 
and  circles,  but  requires  the  io- 
trodnction  of  soi|ie  curves  of  a 
higher  order,  as  the  ellipse,  pa- 
rabola, and  hyperbola,  which* 
being  the  sections  of  solids,  gave 
rise  to  the  term  solid  problem ;  it 
is  not,  however,  often  employdl 
by  modern  writers. 

SOLIDITY,  in  Geometry/,  denotes 
the  quantity  of  space  contained 
or  occupied  by  a  solid  body,  called 
also  its  solid  content,  being  esti* 
mated  by  the  number  of  solid  or 
cubic  inches,  feet,  yards,  &c 
which  it  contains.  The  roles  for 
finding  the  content  of  all  the  mosC 
common  solids  are  given  under  the 
respective  articles  in  this  work, 
and  we  shall,  therefore,  in  this 
place  confine  ourselves  to  the  in- 
vestigation of  the  general  methods 
of  finding  the  solidity  and  surface 
of  any  solid  of  rotation,  vis.  any 
one  whose  generation  may  be  con- 
ceived to  arise  from  the  revolu- 
tion of  any  plane  surface  about 
a  fixed  line  or  axis;  or,  which 
amounts  to  nearly  the  same  thing, 
by  the  parallel  motion  of  a  circle 
gfradually  expanding  and  contract- 
ing itself  according  to  the  nature 
ot  the  generating  plane. 

To   find  the   surfaces   and   soli 
dities  of  solids  of  rotation. 

Let c=  3*1410,  the  circumference 
of  a  circle  whose  diameter  is  1, 
and  a = 'TBM^  the  area  of  the  same 
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circle  ;  pat  any  variable  ab8ch9=: 
X,  the  corresponding  urdinale  =.  y, 
and  Uie  arc  =  %,  Also  S  ilie  soli* 
dity,  and  s  the  surface  required. 

Then  because  a=  V'(-r-|-y*)  we 
shall  have 

i  =  2cy»==2csr  v^(i  +  y«),  also 

S  =  Aay^x\  therefore 

9  =  fluent  of  2  cy  i^(x^  -f-  y8),  and 

S  =  fluent  of  4  fly'^ar. 

And  hence  is  derived  the  fol- 
lowing general  rule,  viz.  fn»m  the 
given  equation  of  the  curve,  find 
the  value  of  x  in  terms  of  y,  or  y 
in  terms  of  x,  and  substitute  it  for 
that  quantity  in  the  above  fluxion- 

al  values  of  S  or  i,  and  the  fluent 
of  that  expression  will  be  the  so- 
lidity or  surface  required. 

Let  the  proposed  solid  be  a  sphere 
Tvhose  diameter  is  4^  to  find  its  sur- 
face and  solidity. 

1.  For  its  solidity.  By  the  equar 
tion  to  the  circle  we  have  j/*  =  dx 
—  «*,  and  substituting  this  value  of 
y^  in  the  fluxional  equation, 

S  =  4  ay^  Xt  it  becomes 

b  :=  4adxx--4(uflx 

the  fluent  of  which  is, 

3 

a  general  expression  for  any  seg. 

nient  of  the  sphere,  which,  when 

x=d,  (as  is  the  case  in  the  com* 

plete  sphere)  becomes 

-       4  2a 

2a^ ad^  =  —  dS=*jK30  dS 

3  8 

the  solidity  required./ 

2.  For  the  surface.  Here  again 
we  have  y*=.dx — ar*;  or, 

y  =  y/(dx  —  x^)  ;  the   fluxion  of 
which  gives 

•    _    (d — 2x)  X    _  (d—Hx)  x 

^         2v/(<te  — a:«)  "~         2y       ' 
whence 


•        d^  —  Adx-^^afl 
^  4y« 

x"^  consequently 

a:?  4-  y2  =  ILL 
^  ^  4y« 


a«  = 


and  »  = 


<i«— 4v« 


4y* 


dx 

2y 


Substituting  this  value  of  z,   in 

the  general  fluxional  equation  a  = 

Ticyz  pives  #  =  cdr,  and  oonse- 
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quently  s^=i  cdx,  and  tcben  x  as 
d.this  becomes  cd^,  =  3*1416 1/^  fur 
the  whole  surface. 

SOLSTICE,  that  thne  when  the 
sun  is  in  one  of  the  solstitial  points : 
that  is,  when  he  is  at  his  greatest 
distance  from  the  equator:  thus 
called  because  he  then  appears  to 
stand  slill,  and  not  to  change  his 
distance  from  the  equator  for  some 
time,  an  appearance  arising  from 
the  obliquity  of  our  sphere.  The 
solstices  are  two  in  each  year ;  viz. 
the  estival,  or  summer  solstice,  and 
the  hyemal,  or  winter  solstice.  The 
summer  solstice  is  when  the  sun  is 
in  the  (ropic  of  Cancer,  which  is 
about  the  2Ist  of  June,  being  then 
the  longest  day.  The  winter  sol- 
stice is  when  he  enters  the  first 
decree  of  Capricorn,  about  the22d 
of  December,  being  then  the  siiort- 
6St  d&v 

SOLSTITIAL  Points,  those  two 
points  in  the  ecliptic,  which  are 
farthest  from  the  equator,  and  di- 
ametrically  opposite  to  each  other, 
being  the  first  points  of  Cancer  and 
Capricorn. 

SOLUTION,  in  Mathematics,  is 
the  operation  whereby  the  answer 
of  a  question  or  problem  is  deter- 
mined. 

Solution,  in  Physics,  is  the  re- 
duction of  any  solid  to  a  fluid  state 
by  means  of  some  menstruum. 

SOUND.  To  illustrate  Sound, 
it  is  to  be  observed,  1st.  That  a 
motion  is  necessary  in  tlie  sonorous 
body  for  the  production  of  sound. 
Sdly.  That  this  motion  exists  fii-st 
in  the  small  and  insensible  parts  of 
the  sonorous  bodies,  and  is  excited 
lu  them  by  their  mutual  collision 
against  each  other,  which  pro. 
duces  the  tremulous  motions  so 
observable  in  bodies  that  have  « 
clear  sound,  as  bells,  musical 
chords,  &c.  3dly.  That  this  mo. 
tion  is  communicated  to,  or  pro- 
duces a  like  motion  in  the  air,  or 
such  parts  of  it  as  are  fit  to  receive 
and  propagate  it.  Lastly.  That  this 
motion  must  be  communicated  to 
those  parts  that  are  the  proper  and 
immediate  instruments  of  hearing. 
Now  that  motion  of  a  sonorous 
body,  which  is  tue  immediate  cause 
of  sound,  may  be  owing  to  two  dif« 
ferent  causes  ;  either  the  percns« 
sion  between  k  aud  other  hard  bo> 
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dies,  a«  ill  drums,  bells,  cliuids, 
&c.  or  the  beating  and  dashing  ot 
the  wiiiorous  body  and  the  air  im- 
mediately aKuiiiHt  each  other,  tm 
ill  fluteii,  trumpets,  &c.  But  in  both 
these  cases,  the  motion  whicli  is 
the  coiifsequence  of  the  mutual  ac- 
tion, as  well  as  the  immediate 
cause  of  the  sonorous  motion  which 
the  air  conveys  to  the  ear  is  sup- 
ptised  to  be  an  invisible,  tremulous, 
or  andulating  motion,  in  the  small 
And  insensible  parts  of  the  body. 

The  sonorous  body  having  made 
its  impression  on  the  contiguous 
ftir,  that  impression  is  propagated 
from  one  particle  to  another,  ac* 
cording  to  the  laws  of  pneumatics. 
A  few  particles,  for  instance,  dri- 
ven from  the  surface  of  the  body, 
push  or  press  their  adjacent  par* 
tides  into  a  less  space  ;  and  the 
medium,  as  it  is  thus  rarefied  in 
one  place,  becomes  condensed  in 
the  other  ;  but  the  air  thus  com- 
pressed in  the  second  place  is,  by 
its  elasticity,  returned  back  again 
both  to  its  former  place  and  its 
former  state  ;  and  the  air  immedi- 
ately contiguous  to  it  is  compress- 
ed in  the  same  manner ;  which, 
afterwards,  by  expanding  produces 
another  compression,  and  so  on. 

Therefore,  from  each  agitation 
of  the  air,  there  arises  a  motion  in 
it,  analogous  to  the  motion  of  a 
wave  on  liie  surface  of  the  water, 
which  is  cullt>d  a  wave  or  undula- 
tion of  air.  Ill  each  wave  the  par- 
ticles go  and  return  buck  acain 
through  very  short  equal  spaces, 
the  motion  of  each  parLicle  being 
analogous  to  the  motion  of  a  vi- 
brating pendulum  wliile  it  per- 
foruis  two  oscillations,  and  most  of 
the  laws  of  the  pendulum,  with 
very  little  alteration,  being  appli- 
cable to  the  former. 

Sounds  arc  as  various  as  are  the 
means  that  concur  in  producing 
them.  The  chief  varieties  result 
from  the  li;;ure,  constitution,  quan 
tity,  &c.  of  the  sonorous  body  ; 
tlie  manner  of  percussion,  with  the 
velocity,  &c.  of  the  consequent  vi- 
brHiions;  tlie  stnteiind  constitution 
of  the  medium ;  the  disposition, 
distance,  &c.  of  the  organ  ;  the  ob- 
ttacleii  between  tlie  oigan  and  the 
sonorous  object  and  the  adjacent 
bodies.  The  more  notable  distinc* 
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tion  of  sounds  arising  from  the  vfr 
rioas  degrees  and  csombinationi  of 
the  conditions  above  mentioiH:^ 
are  into  loud  and  low  (or  strong 
and  weak),  into  grave  and  acnle 
(or  sharp  and  Aat,  or  high  and  low), 
and  into  long  and  short.  The  ma* 
nagement  of  which  is  the  office  ot 
music. 

Euler  is  of  opinion,  that  no  soand 
making  fewer  vibrations  than  3t 
in  a  second,  or  nu>re  than  7fi20,  is 
distinguishable  by  the  human  ear. 
According  to  this  doctrine  the  li- 
mit of  our  hearing,  as  to  acute  and 
grave,  is  an  interval  of  eight  oc* 
taves.  The  velocity  uf  sound  is  tlie 
same  with  that  of  the  aerial  waves, 
and  does  not  vary  much,  whether 
it  go  with  the  wind  or  against  it. 
By  the  wind,  indeed,  a  certain 
quantity  of  air  is  carried  from  oas 
place  to  another,  and  the  sound  is 
accelerated  while  its  waves  move 
through  that  part  of  the  air,  it 
their  direction  be  tlie  same  as  tliat 
of  the  wind.  But  as  sound  moves 
much  swifter  than  the  wind,  the 
acceleration  it  will  hereby  receive 
is  but  inconsiderable  ;  and  the 
chief  effect  we  can  perceive  from 
the  wind  is  that  it  increases  and 
diminishes  the  Apace  of  the  waves, 
so  that,  by  help  of  it,  the  sound 
may  be  heard  to  a  greater  distance 
than  it  would  otherwise  be. 

That  the  air  is  the  usual  medium 
of  sound  appears  from  various  ex- 
periments in  rarefied  and  condens- 
ed air.  In  an  unexhausted  receiv- 
er a  small  bell  may  be  heard  to 
some  distance;  but,  when  exhaust- 
ed, it  can  scarcely  be  heard  at  the 
smallest  distance.  When  the  air 
is  condensed,  the  sound  is  louder 
in  proportion  to  the  condensation, 
or  quantity  of  air  crowded  in,  of 
which  there  are  many  instances 
in  Hauksbee's  experiments,  in  Dr. 
Priestley's,  and  others.  Besides, 
sounding  bodies  communicate  tre- 
mors to  distant  bodies  ;  for  exam- 
ple, the  vibrating  motion  of  a  niu- 
sical  string  puis  others  in  motion, 
whose  tension  and  quantity  of 
matter  dispose  their  vibrations  to 
keep  time  with  the  pulses  of  air, 
propagated  from  the  string  that 
was  struck.  Galileo  explains  this 
phenomenon  by  observing,  that  a 
heavy  pendulum  may   be  put  i« 
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y  ths  ICMt  brealb  of  Oie       SHACB,  m  ilirple  Idem,  of  which 
f  caiuldend  mlh  rcnril  to  length 


nonoB  uj  uie  icmi  nreain  oi  lue 
Biiniih.pnwided  Ui«  (lUau  b«  ufwii 
npwiMd,  and  Imp  Ume  exuily 

Slth  U»  YlbntluM  of  ibe  peniiii- 

nmnv  &  iwEe-  belL 

tt  )•  nut  uir  alane  that  l>  opable 
or  tlie  iin|>n»iiH»  OI'  ttmnA  but 


•ornid    ni«y    plainly    ei'uns 
liewrt,  only  nol  m  l»id,  und 

fonrth  deeper,   HCtrording    in 

BMcd  III  a  sivan  line,  faaa  been 
▼ery  dilTrmUy  eitinmled  by  an- 

•abject     Boberval  lUlHitalLbt 

Hnd'is  al  1471:  Henenne  al't-mi 
SnliHmel,    In   Ihe   IlilUiry    of   Uie 

whose  nieunre  Fl-uistead  ^ 
Bailey  acqiiicKe,  at  1141.     Th> 

or  »U  feet,  in  4|  Mcundi,  or  < 
league  In  14  Koondi,  or  11  milei 
in  a  minau.  But  lea-niilei  are  u 
land-tnllei  nearly  »  T  to  «  )  and 

in  ie»cond>.  7anher,  iMiaeoni 

»iiun",1o'unS  fl'es"°>boul'°ia  iMd 
uiileiL,  or  II)  tea-niilei,  oliicli  ii 
aboui  1  lend-iuile  in  4  pulies,  or  1 


.mailer,  which  filLi  the  cai>aoiiy  of 


SPECIES,  In  Algebra,  are  the 

in  ill  any  operation  or  eqiwlion, 
SPECIFIC.     Sec  Sfeclfic  Gra- 
il!,. 
SPECTACLES,  an  opUcallnMn- 

iient,  conilHmg  of  two  leniesiel  in 

iefJms%''ihe""^iLi(."h"  1° 
he  ubiecuansMin  tbroogli  ■  per. 

nu  ihruDgh  It  froin  tbem  to  lb* 

fucnily,  the  objeet  aiipean  very 
itlle  ijilier  diminished  or  enlarg. 

ii'lhe  naked  rye;  butiftheglaH 


nTeEt,  la'callVd  the  faeat,  and  thia 
CaciiB  l>  nearer  or  farther  off  bd- 
curdin)  to  the  convulty  of  the 
ela&B  I  fi>r,  ai  a  little  coDTClily 


n 


MATHEMATICAL   AND 

PllYSIC^I.     SCIENCR 

T»"'t::''i."'^.""":.:i.K 

bEltK   Eivcii     by    IhU    ut 

.ph*.F  .nd  cylinder. 

IheKYeralnilcinUtins 

SUTRUM,  kn  Opttc..  <I»...». 

Mll.llticiind   Milnret  of  •[ 

C.«|..I,(l«rfc!i^th';'n.y.^M 

?  ?I?rw'nda~-"h'l»r*!!t*i 

fMini   when  rdncinl  bj  ■ 

tnliirc;  kIbo  j  ihe  inilace,  a 
Jic  clhlity  M  Ihs  ume,  Ibtn 

l.8  =  ijrf=    ■si3#if<  =  tias> 

1            1  •iirlicf,   ivrry   point  of 

^            ■•  rqa.llr   •litUBt   fn>m  > 
1      _  -ilWii,  rullad  tht  cenlte  of 

Ml  IW  Ihs  .BrtiB,  uf  Ihe  !««.. 

tM  wtwrc.  ■nd  may  be  ecmrrlrEd 

S.  "urfiice=  i'lllWdft"*"'"' 

to  bT^^l^l  by*^..  r,«l».i™i 

4.  KliHity=  -aM*  A  (iH +  *>).' 

of  ■  HiaUirsle  »lwiit  iu  dumcwi, 

S.Hlldliy=  -siMAfari  — 9*}. 

■wUtk  riMklni  Sud,  and  whlek  ti 

4>A<rl»l  Z0-„.   'Pui  K  ^  . 

ftir  U»  nidrt  of  itae  ends,  uK  i 

Tho  pringliMl  prnpento  of  Uxt 
tphenanufoirowi: 

for  (he  height,  ihfn 

T.  Klldily  =  l-S7W(R-Lf,«+l»»), 

iFf  Id  ElrenmKTlUIng  eyilndcrj  or 

Srf,    HulWK-t    and    Bon«yc*u^rt 

"  Tre.l.«.  of  M™.*n™Uon.- 

whoH  bue  t>  naSu  the  wEdIe 

Srnm*  of  ArtlHir  ar  t  BBilf.* 

(uKue  o(  ihe  iphere,  lod  lu  »lii- 

«cdu>  denote  Ihr  Ippce  fhSS,* 

UATBlMATICiWl.  J^KD   PUT8ICAL   8CI£VCK. 


it  mM«lllMt  and  ih*  mort  it  ap* 
prcMicnm,  towards  the  globular 
igare,  the  nearer  its  foens  is,  and 
Uie  more  Its  magnifying  power. 

SPECTRUM,  in  Optics ^  denotes 
principally  the  Image  formed  on 
ony  while  surface,  by  the  rays  of 
th«  son  passing  through  a  small 
hole  in  the  wmdow-shutter  of  a 
dark  room  when  refracted  by  a 
glass  pri»m. 

SPECULUM,  the  same  as  Jf<rror. 

SPHERE,  or  Globk.  in  Geome- 
trjf,  is  a  solid  contained  under  one 
onlform  surface,  every  point -of 
irhich  is  equally  distant  froirf  a 
point  within,  called  the  centre  of 
the  sphere,  and  may  be  conceived 
to  be  generated  by  the  revolution 
of  a  semi-circle  about  its  diameter, 
which  remains  fixed,  and  which  is 
bence called  theaxisof  the  sphere. 

The  principal  properties  of  the 
sphere  are  as  follows : 

1.  A  sphere  is  eqnal  to  two-thirds 
of  its  circumscribing  cylinder ;  or 
it  is  eqnal  to  a  pyramid  or  cone, 
whose  base  is  equal  to  the  wnole 
surface  of  the  sphere,  and  its  alti- 
tude equal  to  half  the  diameter. 

S.  All  spheres  are  similar  figures, 
and  are  to  each  other  as  the  cubes 
of  their  diameters  or  circnmfer* 
ences* 

S.  The  surfiMe  of  a  sphere  is 
equal  to  the  area  of  four  of  its  great 
circles,  or  to  the  curve  surface  of 
its  circumscribing  cylinder ;  and, 
therefore,  the  surface  of  different 
spn^res  are  to  each  other  as  the 
squares  of  their  diameters. 

4.  The  surface  of  a  sphere  is 
equal  to  the  area  of  a  circle,  whose 
radius  is  equal  to  the  diameter  of 
the  sphere;  and  the  curve  surface 
of  any  segment  of  a  sphere  is 
equal  to  a  circle,  having  for  its 
radius  the  chord  of  half  the  arc  of 
that  segment. 

5.  The  surface  of  any  segment 
or  zone  of  a  sphere  is  equal  to  the 
curve  surface  of  a  corresp<)nding 
portion  of  the  circumscribing  cy- 
linder; that  is,  any  two  planes 
passing  through  the  sphere  and  its 
circumscribing  cylinder  parallel 
tf>  the  base  of  the  latter,  the  sur- 
face of  the  segment  of  the  sphere 
and  cylinder  thus  cut  ofi^  will  be 
equal  to  each  other.  Most  of  these 
pruiierties  we  owe  to  Aichimedt^^ 

Am 


being  given  by  that  eelebrataA 
geometrician  in  his  treatise  on  the 
sphere  and  cylinder. 

The  several  rules  relating  to  tbe 
solidities  and  sui  tares  of  sphertt 
and  their  segments  are  contained 
in  the  fiolluwing  formulae  : 

Let  d  reptehcnt  the    diameter, 
and    c    the    circumference    of  a 
sphere  ;  also  «  the  surface,  and  8 
the  solidity  of  the  same,  then 
1    *=    c</:=3  14l59/f<  =  -3183c« 
2.S=^<d=    -5236^3  =OI688cS. 

Spherical  SegmentSf  the  same 
notation  remaining,   and  r  being 

Jut  for  the  radius  of  the  base,  and 
for  the  height  of  the  segment 

3.  surface  =  3-14X50 dh 

4.  solidity  =  'SlSeA  (3y«  + A«),  or 

5.  solidity  =  '5136 h  (3  d  ^  i  h). 
Spherical  Zones.    Put  R  and  r 

for  the  radii  of  the  ends,  and  h 

for  the  height,  then 

0.  surface  =  3  14150  d  A 

7.  solidity  =  l-5708(Ra-|y*-f- J  A«). 

See    Hutton's    and    Bonnycastle's 

"  Treatises  of  Mensuration." 

Sphkrb  of  Activity  of  a  Body,  is 
used  to  denote  the  space  through 
which  the  influence  of  any  body, 
as  a  magnet,  extends. 

Sphkrb,  in  Astronomy,  that  con- 
cave orb  or  expanse  which  ap- 
pears to  invent  our  globe,  and  in 
which  all  the  heavenly  bodies  ap> 
pear  fixed. 

Circles  of  the  Sphkrb,  are  cer> 
tain  circles  supposed  to  be  de- 
scribed about  the  sphere  for  the 
better  determination  of  the  several 
points,  &c.  about  it,  as  the  equa- 
tor, ecliptic,  &c.  These  circles  of 
the  heavens  are  transferred  to  the 
earth,  and  the  disposition  of  ihese 
circles,  with  regard  to  each  other, 
is  what  is  called  the  sphere  in  geo- 
graphjft  which  varies  in  the  diner- 
ent  parts  of  the  earth  ;  and  accord- 
ing to  the  position  of  these  circles 
we  have  a  right,  oblique,  and  pa- 
rallel sphere. 

A  Right  or  Direct  Sphere,  is 
that  which  has  the  poles  of  the 
world  in  the  horizon,  and  the 
equator  in  the  zenith  and  nadir. 

in  an  (fblique  Sphere,  the  equa- 
tor cuts  the  horizon  obliquely ; 
and  in  a 

Parallel  Sphkrb,  the  poles  are 
in  the  zenith  and  nadir,  and  the 
equator  coincides  with  tiie  horiion. 


8  «B  a-^s  P  H 


SPHERICAL,  something  relat- 
ing li»  a  sphere,  as  spherical  an^/e, 
triangle f  trigonometry ^  for  which 
see  the  articles  Triangle  and 
Trioonohktry. 

Spherical  Excess,  in  THgorfO- 
metrjff  the  excess  of  the  sum  of 
the  three  angles  of  any  spherical 
triangle,  above  two  right  angles. 
Let  A,  is,  C,  be  the  angles  of  a 
spherical  triangle,  a,  b,  c,  the  sides 
opposite  to  the  angles  A,  B,  C,  re- 
spectively, IT  =  two  right  angles, 

r  =  the  radius  of  a  great  circle  of 
the  sphere,  and  R''  the  number  of 
seconds  comprised  in  radius ;  then 
the  spherical  excess,  may  be  ascer- 
tained by  the  following  elegant 
theorem,  first  given  by  Simon 
Lhuiltier  of  Geneva. 

Tan,i(AH-B  +  C-w;=: 
Un. r-^  tan.     ~ 


'r^{ 


Can. 


a-\-c—b 


tan. 


fc  +  c  —  a 


). 


4  4 

M.  Puissant  gives  the  following 
theorems  for  i  the  excess : 

.=i(^)-..i„..C+l(^) 

c*  sin.  2  A. 

(R"  \ 
— ^j  bhf  where  b  =  the 

base,  and  A  =  the  height  of  the 
triangle.  It  will  hence  be  easy  to 
form  a  table,  from  which  the  sphe- 
rical excess  of  any  triangle  mea> 
sured  may  be  let^riit  from  its  base 
and  height. 

Spherical  Polygon,  is  a  figure 
of  more  than  three  sides,  formed 
on  the  surface  of  a  sphere  by  the 
intersection  of  several  of  its  great 
c  i  I'C  I  OS 

SPHERICITY,  the  qnality  of  a 
sphere,  or  that  by  which  a  thing 
becomes  spherical. 

SPHERICS,  the  doctrine  of  the 
sphere,  particularly  of  the  several 
tircles  described  on  its  surface, 
with  the  method  of  projecting  the 
same  on  a  plane. 

SPHEROID,  a  solid  body  re- 
sembling  a  sphere,  which  is  sup- 
posed to  be  generated  by  the  re- 
V(»lution  of  any  oval  figure  abont 
an  axis.  This  is  the  most  general 
definition  of  a  spheroid  ;  but  the 
term  is  generally  meant  only  to 
463 


deDot«  a  solid  generated  by  the 
revolution  of  an  ellipse  about  one 
of  its  axis,  and,  therefore,  tlie  lat> 
ter  is  sometimes  called  an  ellipsoid, 
to  distinguish  it  from  the  more  ge- 
neral figure  spheroid. 

When  the  ellipse  revolve  abont 
its  transverse  axis,  it  is  called  an 
oblongor  prolate  spheroid  i  when 
about  its  conjugate  axis,  an  oblate 
spheroid:  and  when  about  any 
other  of  its  diameters,  a  universal 
spheroid  ;  in  which  latter  case  its 
figure  is  somewhat  resembling  a 
heart. 

The  principal  rales  for  finding 
the  solidities,  surfaces,  &c.  cii 
spheroids  generated  from  an  el- 
lipse and  their  segments,  zones, 
&c.  are  contained  in  the  following 
formulae : 

Let/  be  the  fixed  axis,  and  r  the 
revolving  axis,  3*14159,  &c.  =J>t 

make< — -^ —  =  q ,  then 

1.  solidity  =  {/f^y 

2.  surface  =/rji  J  1  T  ^~ 


l.BB^       1.3.5.  C  q 
4.5     ^       6.7 


—  &C.  I 


The  upper  sign  having  place  for 
the  prolate,  and  the  lower  for  the 
oblate  sphere,  also  A,  B,  C,  Sec.  the 
preceding  terms. 

"If  also  we  make  ^=»,  V(l  «^««) 

=; «,  m  r=  the  degrees  of  the  arc 
whose  sine  is  s,  likewise 

P  =s  '0  1745320  m  in  the  prolate 
sphere. 

P  =  2  30S85  log.  (t  +  x)  in  the 
oblate  sphere. 

3.  surface  =    vT^^^  X3i4159r. 
is 

The  area  of  a  prolate  spheriod, 
is  less  than  four  times  the  area  of 
its  generating  ellipse,  and  the  area 
of  an  oblate  splieroid  grrater  than 
four  times  the  same,  and  the  sphere, 
which  is  the  intermediate  limit  of 
the  two,  is  equal  to  four  times  its 
generating  circle.  For  several 
other  interesting  properties  of  these 
solids, see  Huttou's "Mensuration," 
p.  267,  2d  edit. 

Frustums  «/*  Spheroids^  or  tne 

parts  cat  off  by  two  planes.    Here 

/,  r,  q,  p,   denoting   the    same    us 


MATIttHATtCAL  AVS  PnTSlCAL  tClBVCI. 
ud  >^IIh^  baifbt  of  the   ptru,  and  maka  ihc  Mtwal  na 


AwinBi,  alia -^  =  « ,- Ui«i  tin 
liTDttrBQi  btt'iK  ot  off  Ify  twu 

Elunn   pmloE    pcTptudloiklar  bi 
X  Oinl  iuii>  one  ot  lUcn  pmlm; 
Ihn»|b  UNOVUUtu/lhaiiitaneiiL. 
**ba** 
LnrAMsyrAf  1  ^ —■  ~ 

A,  B,  0,  t*pr«wnl!nt  Ihe  unia  ■> 

Mo**,  hmI  Ibc  tlv>u  tuvluc  plue 

nir  iha  •Dlldilir,  bUc  llir  diunt. 

LKlldily=  i(ID>  +  ^}AX 


■olidity  =  ^[»/*>*A)»»> 

1.  Wlien  llic  bus  l>  HTHndicu. 
kr  u  ita«  nvolTuig  uK 

■oliditj=s(»rJ-i*)Wx-«is 
8n  Hntlrni-/-  Iltn.ii  ».<«>." 

HPHEROIDAL,  «-  BrHiaDiM 
<UL,  lisvini  iHe  furm  uf  ■luhimid. 

8PHBRULB,  1  liuJt  ^ubc  ui 
»pli.^rr. 

SPIMDLE,  in  Oamtlrf,  ■  mild 


elliptic,  parjibolie,  bvpcrbo^ic,  itc- 
accord jjig  lo  dgurc  from  which  n 
li  lEncriilcd.    8c*  Elliptic,  Fa- 

8piiu:l,  In  cta-Si^rruVv, 

lloe  or  Ilia  clrcuisr  kind,  which 
in  lU  profKU  ilwayi  recEdu  more 

cording  lo  [he  liiw  by  wlilcb'  Ihc 


>ana  ipli.l  may  b«  o 


lirr-*'l*t  or  Riclpnait  Sritti. 

r^'u"'  iT  '"  hi"*'  '"  '"P''  *" 
ihniaihlhcircilieiiiiiira  liealKd 
Ihihviierbolie.irniclprocaJtplnil, 
111  which  the  rt|lit  Jinn  1*  called 
Ihe  am,  und  the  poliit  tlie  cenua 

SrBlSo.  1.1  Miirml  Huior,.  t     , 
fuuntaiu  or  loiiree  o{  waier  rwnl 
nut  of  the  einu.    Tarlou  ha**     ' 
baeu  Ihe  upluiuni  iif  phlloupben     ' 
coMcniint  the  ortaiu  uf  lurinn; 
ai,  1.  Thai  itac  lea-waiarllg  eli» 
1  ■  lbrou|h      luburnaeoai     . 


(cneralcd  by  luppmiii^  ihe  an  o( 
a  circle  to  be  divided  loto  uit 

bciiiE  drawn  from  oi  e»)tn  lo 
tbew  BDint%  divide  one  of  them 
uto  ^  tame  aambir  of  equal. 


fluv  and  ebb,  by  regular  iik 

.FdKo,  in  MtckaiHa,  isuied  lo 
Elsnily  a  body  of  auy  ibtpe  per. 

atrtnifih  or  flmc  tf  a  SraiKa, 
i>  Dted^  fiir  the  force  or  weighl, 
which,  when  tiie  ipring  ii  wholly 

Aiwthe  force  of  a  >|u  ioc- {lartly 


/ 


OX?s 


/ 
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"O'^.   l.riMOt  AND 
•J    rO<.'N'JATI0^3. 


» iM*^  -  .«^i*i««Mta««« 


r  ;V.-.  • 


';:•.\^/'* 


<  ■  I  ' 


■<''-\  .or^O''"  1^-  -^ 


\     v»\^^ 


weight  which  l>  JuaL  inffivienl  u 

«»  «ny  "Brlherr""  ""  *"  '"*  " 
The  theory  of  (priiiRt  U  foond  f  d 

^  if  t  ipfiuB  ba  itnf  wi^  f«reed 

tu  miiUnw  i>  |in>|Kirihii»l  u  the 

vpjtce  by  vhichit  unaiovvd  from 

•piingt  (Le|ICIld^  lupuKe  m  ipru.g 

berty*  Then  iithik  tprlng  he  pretvd 
Inwude  by  kny  Ion*  a,  UinnEb 
Ui«  gpHe  i>r  ooe  incli,  mud  «d  it 
there  deuuied  by  Ibiil  force  f,  tlie 

funes,  HKlly  counteilnluiCHic 
cxchulheri  IheaoUl.thc  doubJc 

Ihe  ipace  of  mo  luchei,'  and  Uie 
tiiple  force  Bp  thruDgh  3  JncbeBj 
•nd  the  qiudriipleforveto  through 

through  wLiich  the  aprJDf  u  bcnL 
or    by  wh^h  ru  end  ia  reniovrd 

slway<  proportionil  to  the  (okI 
vhich  «ill  bend  it  »  far,  nod  will 

ulher  liind,  if  the  end  bt  dnnn 
liBcK   hy    any   furee  p.  lb*  Ipace 


of  the  formi  4  n,  ur  4  ■  +  1,  tbit 


f  the  Hm  of  two  uuirei  I 

ci  u  div'lubU  ^y   S,   and 

therefore,  by  U. 


;t"',a'£ 


•am  of  Ihe  «|Dar«  of  Ihe  nune^ 

lampleie  uum,  or,  which  it  lb* 
Ante,  Diey  are  Ihe  ridet  of  raOmal 
rltht-angled  tiianglei.  Theia 
-Erlei  are  u  fallow  ;  Hf. 


bflfiDAiDf  Bl  Uh^  vniL'a  |»lace  ajid 
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STAFT,  a  name  givmi  to  Mfod 
dltfereuc  iiMtrvmcntSf  ••  tlw  Cmm 


procecdiof  to  ihe  left-hand  In  in- 
tcter«»  and  to  the  right  In  decl- 
maU.  Find  the  greatest  square  in 
the  first  period  on  the  left-hand, 
and  set  iu  root  oii  the  right-hand 
-of  tlie  given  noniber.  imer  .the 
manner  of  a  qootient  ognre  in  di- 
vision. Subtract  the  square  thus 
fonnd  from  the  said  period,  and  to 
tlie  remainder  ann«x  the  two 
flgures  of  tlie  next  period  for  a  di- 
vidend. Doable  the  root  above 
Mentioned  for  a  divisor ;  and  find 
how  often  it  is  coituined  in  the 
•aid  dividend,  exclosive  of  its 
rlghtphaiid  figure :  and  set  that 
quotient  figure  both  in  the  quotient 
and  divisor.  Multiply  the  whole 
augmented  divisor  by  this  last 
qnotlent  figure,  and  subtract  the 
product  from  the  said  dividend; 
mringinf  down  the  next  period  of 
tlie  given  nnmiier,  as  before,  for  a 
new  dividend.  Repeat  the  same 
process  for  each  period,  and  the 
number  thus  obtained  will  be  the 
root  required. 

The  root  will  necessarily  consist 
of  as  many  Integers  and  decimals 
as  there  are  periods  in  each  re- 
spectively.- And  when  the  fignres 
Af  the  given  naml>er  are  aU  ex- 
hausted, the  operation  may  be 
eontinued  at  pleasure  by  adding 
elphers,  two  in  each  period. 


Sitff,  Baoi.  Stt(0r,  Fork  Jkf-  Ac 
forwhlch  see  the  aevairml  anklss, 

8TAK,  is  a  feneral  bmm  fat  sU 
the  heavenly  bodies ;  bat  by  Mat 
lUh  writers  It  to  more  eomiiay 
nsed  to  denote  a  fixed  star,  sr 
one  completely  aneonnceted  vik 
the  solar  system,  the  others  bciig 
distinguished,  by  their  partiealir 
names,  as  planets,  coflMis,  salsl- 
litfs,  Ac. 

The  stars  are  divided  into  di^ 
fsrent  magnitndes,  ac^utUng  W 
their  apmu-ent  sise»  the  laifMt 
being  said  to  be  of  the  first  »% 
nitude ;  the  next  largest  of  the 
second  magnitude^  and  so  on  is 
the  sixth  niaguitnde.  wlilch  etaHS 
includes  the  least  stars  that  sirt 
visible  to  the  naked  eye.  All  ths 
stars  beyond  the  sixth  ff*mgnl»Mff 
are  carted  telesespic  starsy  sad 
those  which  lie  in  spaces  between 
(and  therefore  niotinclnded  in)  the 
constellatioiis»are  called  sct|jfQmMi 
stars.  Thevarloasoatal<^^e  finuid' 
ed  on  new  observations,  the  tisw 
in  which  they  were  pobllshed,  ths 
number  of  sttrs  which  they  eea-' 
tain,  and  the  woriis  in  wliich  the 
catalogues  may  be  found,  will  bsr 
seen  in  the  following  eniuneiratiiMw 


Htpparchua  •  •  • 
Tycho  .  .  .  .  • 
Prince  of  Heiise  • 
Riccioli  •.  •  •  • 
Bayer  •  .  •  •  • 
Hevelius  •  •  •  * 
Flamstead  •  •  . 
La  Cailie     •  •  • 

Xa  Cailie    >  •  • 

La  Cailie     •  •  • 
Le  Monuier  •  • 

Tobias  Mayer   • 

Bradley  •  •  •  . 
Maskelyne  •  •  • 

Zach 

Zach    •  .  >  .  • 

Bode    .  .  .  .  • 
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> 1593  • 

106S  • 
>  1679  •  • 
> 1090  •   i 

1712  •   •   - 
.  1757  .  .  . 

1750  •  •  • 

17G5.  .  • 
1751,    Ac. 

1775  •  .  • 


11,800 

050 

9884 

897 

1942 


.   .  1773  . 
.    .1770. 

•  .ISOO* 

•  .  1800* 

.  .17971 
.      1801C 
La Lande,  sen.  A)  1789  ( 
jun.  1 1801  I 


lost    In  Ptolera.  Almagest. 
777    Astron.  Instaur.  Progyns. 
.  *     Fiauistead's  Historia  Celestis. 
Asti'ou.  Reform. 
Uranometria 
Prodromus  Astronomls 
Historia  Celestis. 
Astron.  Fundanienta. 
5  Southern,  Caelum  Australe  Stellii 
(     ferum,  p.  141. 
515    Zodiacal. 
400 
gga  \  Mayer's  Opera  Inedita,   and   la 

(     Viuce's  Astron.  vol.  a.  p,  MO. 
389    NauU  Almanack,  1773. 
30 

381>TabuI.  Mot.  Solis,  and  in  Vince's 
162  )     Astron.  vol.  iii.  p.  523,  537. 

17,000    Atlas  Celeste.  Berlin,  1797. 

jKiQna?  Mem.  Acad.  Par.  1789,  and  1790; 
•"'^•j  and  Hi»U  Celest.  Franc,  torn.  1. 


Tiie  relative  positions  of  the  stars  I  face  of  globes,  or  on  maps  called 
in  their  respective  constellations  {  planispheres,    and    atlases.      The 
have  been  represented  ou  the  BUT- . I  best  plsnispUeres    are    those   of 
40S  .   . 
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"  Lenox ;  and  tlie  most  correct  celes- 
tial Aliases  are  those  of  FlamdteAri, 
Forlin,  and  Bode,  the  last  of  which 
contains  twenty  sheets,  each  sheet 
being  twenty-eight  inches  by 
twenty. 

Distance  and   Parallax   of  the 
Fixed  tV*ar*.— When  the  fixed  stars 
are    examined    through    a     good 
telescope,   thvy  do    not  seem    to 
have  any  sensible  disc ;  and  their 
size  rather  diminishes  by  increas> 
jng  the  magnifying  power  of  the 
instrument.       This    circumstance 
alone  would  have  been  a  striking 
proof  of  the  immeasurable  distance 
of  these  celestial   bodies,  had  we 
not  been  in  possession  of  evidence 
still     more    cunvincing.      If  the 
earth's   diameter    had   subtended 
any  sensible  angle  at  the  nearest 
fixed  star,  astronomers  would  have 
been  able  to  determine  the  dis- 
tance by  the  observed  change  in 
its  place,  when  viewed  from  the 
two  extremities  of  the  earth's  dia- 
meter.   This  base,  however,  beini;: 
found  to  be  too  small,  they  have 
attempted  to  discover  a  change  in 
the    position  of   tlie   stars,  when 
viewed  from  the  earth  in  two  op- 
posite points  of  its  orbit,  or,   in 
other  words,  to  find  the  angl?  sub- 
tended   by  the    diameter  of  the 
earth's  orbit  at   the    fixed  stars, 
which  is  called  their  annual  paral- 
lax.   If  a  star  is  viewed,  when  the 
earth  is  in  one  extreniily  of  its 
transverse  axis,  we  should  expect 
that  it  would  appear  in  a  different 
part  of  the  heavens  than  when  it 
is  viewed  from  the  other  extre- 
mity.   But  notwithstanding  all  the  j 
attempts  of  astronomers  to  discover 
this  change  of  position,  or  annual  I 

fiarallax,  with  the  most  accurate 
nstruments,  they  have  hitherto 
been  unable  to  d'etect  it.  The  ob- 
servations which  have  been  made 
for  this  purpose  were  so  extremely 
exact,  that  the  parallax  of  the 
stars,  if  it  does  exist,  must  be  less 
than  1",  so  that  if  we  are  unable 
to  determine  the  distance  of  these 
celestial  bodies,  we  can  at  least 
fix  the  limits  beyond  which  they 
must  lie.  If  we  suppose,  then, 
that  the  parallax  of  the  stars  is  1", 
and  that  tlie  mean  distance  of  the 
eartii  from  ^he  sun,  or  the  semi- 
diameter  of  the  earth's  orbit,  is 
40r 


05,000,000  m!le«.  we  shall  have  a 
triangle  whose  base  is  100,000,0001 
and  the  angle  at  its  vsirtex  1",  to 
find  its  side,  or  the  distance  of  the 
nearest  star,  which  will  be  20,159, 
665,000,000  niiles.  or  20  billions  of 
miles,  a  distance  so  immensely 
great,  that  lightcannot  pass  through 
it  in  less  than  three  years.  It  is 
very  probable,  however,  that  the 
parallax  of  the  stars  is  much  less 
than  1'^,  and  that  the  nearest  of 
these  bodies  is  placed  at  a  much 
greater  distance  from  us  than  20 
billions  of  miles.  Some  of  them 
even  are,  perhaps,  so  remote,  thiCt 
since  they  were  created,  the  first 
beam  of  light  which  they  emitted 
has  not  yet  reached  the  limits  of 
our  system  ;  while  others,  which 
have  disappeared,  or  have  been 
destroyed  for  many  ages,  Vill  con* 
tinue  to  shine  in  the  heavens  till 
the  last  ray  which  they  emitted 
has  reached  our  earth. 

By  comparing  the  places  of 
some  of  the  fixed  stars,  as  deter* 
mined  from  ancient  and  modern 
observations.  Dr.  Halley  discover- 
ed  that  they  had  a  motion  of  their 
own,  which  could  not  arise  from 
parallax,  precession,  or  aberration. 
The  probability  of  a  progressive 
motion  of  the  sun  was  suggested 
upon  theoretical  principles  by  the 
late  Br.  Wilson  of  Glasgow;  an^ 
La  Lande  deduced  a  similar  opi* 
nion  from  the  rotatory  motion  of 
the  sun,  by  supposing,  that  the 
same  mechanical  force  which  gave 
it  a  motion  niund  its  axis  would 
also  displace  its  centre,  and  give 
it  a  motion  of  translation  in  abso- 
lute space. 

If  the  sun  has  a  motion  in  abso- 
lute space,  directed  towards  an^ 
quarter  of  the  heavens,  it  is  obvi- 
ous that  the  stars  in  that  quarter 
must  appear  to  recede  from  each 
other,  wnile  those  in  the  opposite 
region  seem  gradually  approach- 
ing, in  the  same  manner  as  wheft 
walking  through  a  forest,  the  treeii 
to  which  we  advance  are  con- 
stantly widening,  while  the  dis- 
tance of  those  whi^h  we  leave  be- 
hind is  gradually  contracting.  The 
proper  motion  of  the  stars,  there- 
fore, in  those  opposite  regions,  as 
ascertained  by  a  comparison  of 
ancient  with  modern  obserrations. 
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ooglit  to  correspond  with  this  hy- 
poiliesis ;  and  Dr.  Herschel  found, 
that  the  greater  part  of  them  are 
nearly    in    the    direction    which 
would  result  from  a  motion  of  the 
sun  towards  the  constellation  Her* 
cules,  or  rather  to  a  part  of  the 
heavens  whose  right  ascension  is 
SflO*  Sil  30",  and  whose  north  polar 
disUnce  is  40"  Vlf,   Klugel  found 
the  right  awension  of  this  point  to 
be  SOO**,  and  Previtt  makes  it  230% 
with  W  of  north  polar  distance. 
Herschel  supposes  that  the  motion 
Af  the  snn,  and  the  system.  Is  not 
slower  than  that  of  the  earth  in 
its  orbit,  and  that  it  is  performed 
ronnd  some  distant  centre. 

While  the  stars  exhibit  these 
apparent  variations  they  are  af- 
fected with  others  of  a  different 
kind,  which  seem  to  arise  from 
some  great  physical  changes  that 
are  going  on  in  these  bodies.  Se- 
veral new  stars  have  appeared  for 
a  time,  and  then  vanished  ;  some 
that  are  given  in  the  ancient  cata- 
logues can  no  longer  be  found ; 
while  others  are  constantly  and 
distinctly  visible,  which  have  not 
been  described  by  the  ancients, 
•ome  sturs  like   ^  in  the  Whale, 

have  gradually  increased  in  bril- 
liancy; others  like  It,  in  theOreat 
Bear,  have  been  constantly  dimi- 
nishing in  brightness,  and  a  great 
number  sustain  a  periodical  vari- 
ation ui  llieir  brilliancy.  In  order 
to  explain  these  singular  changes, 
astronomers  have  supposed  itiac 
the  stars  are  suns^  havuig  parts  of 
their  surl'ace  occupied  by  large 
black  spots,  which,  in  the  course 
of  their  rotation  about  an  axis, 
present  themselves  to  us,  and  thus 
diminish  the  brilliancy  of  the 
star. 

Double  Stars.  These,  when  view- 
ed by  the  naked  eye,  and  some  of 
them  even  by  the  help  of  a  teles- 
cope of  moderate  power,  have  the 
appearance  only  of  a  single  star; 
hut,  viewed  ih rough  a  good  teles- 
cope, Ihey  are  found  to  be  double, 
and  in  sonic  cases  a  very  marked 
difference  is  perceptible,  both  as 
to  their  brilliancy  and  the  colour 
of  their  light.  These  Dr.  Herschel 
supposes  to  be  bo  near  each  other 


inf  about  their 

of  gravity,  in  certaia  detcrmiMl 

peritids. 

STATICS,  is  that  branch  of  m^ 
chanics  which  treata  of  the  cqai- 
iibrium,  weight,  pressure,  ftc.  of 
solid  bodies  when  at  rest;  being 
thus  distinfoished  from  dynamics, 
which  is  tha  science  of  moviag 
powers,  or  of  the  action  of  foreck 
on  solid  bodies,  wheti  the  resnltof 
that  action  is  motion. 

STATION,in  practical  Geometry 
&c.  is  a  place  pitched  upon  to 
make  an  observation,  or  take  aa 
angle,  or  such  like,  as  in  sarvef- 
ing,  measuring  heights  and  disuuh 
ces,  levelling,  &c. 

An  accessible  height  is  takn 
from  one  station  ;  but  an  inacces- 
sible height  or  distance  is  <Hily  is 
be  taken  by  making  two  stations) 
from  two  places  whose  distance 
asunder  is  known.  In  makii^; 
maps  of  counties,  provinces,  tn* 
stations  are  fixed  upon  certaia 
eminences,  &c.  of  the  county,  and 
angles  taken  from  thence  to  tke 
several  towns,  villages,  &c. 

STATISTICS,  a  modern  term 
adopted  to  express  a  more  eon- 
prencnsive  view  of  the  varioai 
particulars  constituting  the  natural 
and  political  strength  and  retoor 
ces  of  a  country  than  was  usually 
embraced  by  writers  on  politicfd 
arithmetic' 

STEAM,  is  the  name  given  in 
our  language  to  the  visible  vaponr 
which  arises  from  all  bodies  which 
contain  juices  easily  expelled  from 
them  by  heats  not  sufficient  for 
their  combustion. 

Steam,  and  especially  that  which 
is  raised  from  the  volatilization  of 
hot  waicr,  is  employed  as  a  first 
n:over  in  that  admirable  contriv- 
unce  the  steam-engine.  This  steam, 
when  raised  witn  the  ordinary 
heat  of  boiling  water,  is  almost 
3000  times  rarer  than  water,  or 
more  than  3^  times  rarer  than  air, 
and  then  has  its  elasticity  equal  to 
that  of  the  common  atmospheric 
air:  by  great  heat,  it  has  been 
found  ihat  the  steam  may  be  ex- 
panded into  14000  times  the  space 
of  water,  when  it  exerts  a  force 
of  nearly  five  times  the  pressure 


as  to  obey  reciprocally  the  iM>wer  I  of  the  atmosphere :  and  there  is  no 
of  each  other's  attraction,  revulv*  J  reason  to  suppose  this  is  the  ex* 
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trenife  limit;  indeed,  mine  accl- 
deiiUwhicb  have  happened,  prove 
clearly  that  the  elastic  lorce  of 
sieain  may  at  least  equal  that  of 
gunpowder. 

The  following  table  shows  the 
force  of  this  aqueous  vapour,  at 
several  djU'ereiit  degrees  of  tem- 
perature. 


leiiipc 
ratiire 
r>ii  Fah. 
renheii 

Force  ol 
aqueous 
Vapour. 

I'e  III  pe- 
tal u  re 
on  Fah- 
renheit 

Force  of 
aqueoas 
Vapour. 

60 

•0333 

220 

1-000 

00 

•0453 

&30 

1^I66 

100 

•0050 

240 

1*391 

110 

•08-13 

£50 

1-655 

1.0 

•IllO 

260 

1*940 

130 

•1440 

270 

2**257 

1-10 

•1918 

280 

2-595 

150 

•2473 

290 

2-958 

160 

•3153 

300 

3-337 

170 

•4043 

SIO 

3*727 

180 

•5050 

315 

4^117 

100 

•633.1 

320 

4*309 

soo 

•7880 

325 

4^500 

210 

•0613 

330 

4*600 

STF.ELYAKD.  The  common  steel. 
3-ard  consists  of  an  iron  beam  in 
>vhich  is  assumed  a  point  at  plea- 
sure, on  which  in  raised  a  pcrpen* 
dicular.  On  the  shorter  arm  is 
)iung  a  scale  or  bason  to  receive 
the  bodies  weighed  :  the  moveable 
veight  is  shifted  backward  and 
forward  on  the  beam,  till  it  be  a 
counterbalance  to  1,  2,  3,  4,  &c. 
pounds  placed  in  the  scale ;  and 
the  points  are  noted  where  the 
constant  weight  balances  these 
1,  2,  S,  4,  &c.  pounds.  From  this 
construction  ol  the  steelj'ard,  the 
manner  of  using  it  is  evident. 

^'jfi^**8  Stkkltard,  is  a  kind  of 
portable  balance,  serving  to  weigh 
any  mailer,  from  1  to  about  40 
pounds. 

STERE06RAPHIC  PrqjectUm 
of  the  SpherCf  is  that  in  which  the 
eye  is  supposed  to  be  placed  in  the 
surface  of'^the  sphere. 

STEREOGRAPHY,  the  art  of 
drawing  the  forms  of  solids  upon 
a  plane. 

STRENGTH,  in  Physiology,  the 
same  with  force. 

On  the  Measurt  and  ApplicatUm 
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lif  Animat  Strgngth.^V.ifn  may  ap. 
ply  their  strength  scvei  al  ways  iir 
working   a    niaciiine.    A    man    of 
ordinary  strength,  turning  a  roller 
by  the  handle,  can  act  lor  a  whole 
day  ugaioM  a   lesibtunce  equal   to 
thirty  pounds  weight ;  and    if  lie 
works   ifen    hours  a   day,    he  will 
raise   a   weight  of  thirty    pounds 
through  three  feet  and  a  half  in  a 
second  of  time  ;  or,  if  the  weight 
be  greater,  he  will  raise  it  so  mucfai 
less  in  proportion.    But  a  man  may 
act,  for  a  small  time,  against  a  re* 
sistance  of  fifty  pounds  or  more. 
If  two  men  work  at  a  windlass,  or 
roller,  they  can  more  easily  draw 
up  seventy  pounds  than  one  man 
can    thirty   pounds,  provided  the 
elbow  of  one  of  the  handles  be  at 
right  angles  to  that  of  the  other. 
And  with  a  fly,  or  heavy  wheel, 
applied  to  it,  a  man  may  do  one- 
third  more  work ;  and  for  a  little 
while  he  can  act  with  a  force,  or 
overcome  a  continual  resistance, 
of   eighty    pounds ;    and  work   a 
whole  day  when  the  resistance  is 
but  forty   pounds.    Men   used  to 
bear  loads,  such  as  porters,  will 
carry,  some  one  hundred  and  fifty 
pounds,  others  two  hundred  or  two 
hundred  and  fifty  pounds,  accord- 
ing to  their  strength.    A  man  can 
draw  but  about  seventy  or  eighty 
pounds  horizontally ;   lor  he  can 
but  apply  about  half  his  weight, 
if  the  weight  of  a  roan   be  on* 
hundred  and  forty  pounds,  he  can 
act  with  no  greater  force  in  thrust- 
ing horizontally,  at  the  height  of 
his  shoulders,  ihau   twenty-seven 
pounds.     A    horse    is,   generally 
speaking,  as  strong  as  five   men. 
A  horse  will  carry  two   hundred 
and    forty   or   two  hundied   and 
seventy    pounds.    A  horse  draws 
to   greatest   advantage  when  the 
line  of  direction  is  a  little  elevated 
above  the  horizon,  and  the  power 
acts  against  his  breast :  and  he  can 
draw    two    hundred    pounds    for 
eight  hours  a  day,  at  two  miles 
and  a  half  an  hour.    If  he  draw 
two  hundred  and  forty  pounds,  he 
can  work  but  six  hours,  and  not 
go  quite   so   fast.    And,  in    both 
cases,  if  he  carries  some  weight, 
he  will   draw  the   belter  for    it. 
And  this  is  the  weight  a  horse  is 
supposed  to  be  able  to  draw,  over 
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a  palley  oat  of  «  welK  Bat  in  « 
tart,  a  home  may  duiMr  oire  thno- 
»an(l  pounds,  or  even  double  that 
wcipUt,  or  a  ion  weipht. 

'strength  of  Materials.^Emerum 
has  pnrticularlj^  treated  of  the 
•treneili  of  bodies  depending  on 
llieir  dimensions  and  weij^ht.  In 
the  general  scholium  after  his  pro- 
positions on  this  subject,  he  adds  : 
If  a  certain  beam  of  limber  be  able 
to  support  a  given  wciglit ;  another 
beam,  of  the  same  timber,  similar 
to  the  former,  may  be  taken  so 
great,  as  u>  be  able  but  just  to  bear 
its  owQ  weight :  while  any  larger 
beam  cunnoi  support  itself,  but 
must  break  by  its  own  weight ;  but 
any  less  beam  will  bear  something 
more.  For,  the  strength  being  as 
the  cube  of  the  depth ;  and  the 
stress  being  as  the  length  and 
quantity  of  matter,  is  the  fourth 
power  of  the  depth ;  it  is  plain, 
therefore,  tliat  the  stress  increases 
in  a  greater  ratio  than  the  strength. 
Hence,  there  is  a  certain  limit,  in 
regard  to  magnitude,  not  only  in 
all  machines  and  artihcial  slruc> 
tures,  but  also  in  natural  ones, 
which  neither  art  nor  nature  can 
go  beyond. 

Hence,  it  is  impossible  that  me- 
chanic engines  can  be  increased 
to  any  magnitude  at  pleasure. 
For,  when  they  arrive  at  a  particu- 
lar size,  their  several  pans  will 
break  and  fall  asunder  by  their 
■weight.  Neither  can  any  build- 
ings of  vast  magnitudes  be  made 
to  stand,  but  must  by  their  great 
weight  go  to  ruin. 

It  is  likewise  impossible  for  na- 
ture to  produce  animals  of  any 
vast  size  at  pleasure  :  except  some 
sort  of  matter  can  be  found,  to 
make  the  bones  of,  which  may  be 
so  much  harder  and  stronger  than 
any  hitherto  known  :  or  else  that 
the  pr<»portion  of  the  parts  be  so 
much  altered,  and  the  bones  and 
muscles  made  thicker  in  propor- 
tion ;  u'hicli  will  make  the  animal 
distorted,  and  of  a  monstrous  figure, 
and  not  capal)Ic  of  performing  any 
proper  actions. 

Fishes  may  indeed  be  produced 
to  a  larger  size  than  land  animals  ; 
because  their  wfight  is  supported 
by  tlje  water.  But  yet  even  these 
CUniiot  be  increased  to  immensity, 
470 
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internal   parts  wHl 
one      another     by 
their  weight,  and    destroy  thctt 
fabric. 

On  the  contrary,  when  the  size 
of  animals  is  diminished,  their 
strength  is  not  diminished  in  the 
same  proportion  as  the  weight. 
For  which  reason,  a  small  animal 
will  carry  far  more  than  a  weight 
equal  to  its  own,  whilst  %a  great 
one  cannot  carry  so  much  as  its 
weight.  And  hence  it  is  that  small 
animals  are  more  active,  and  ran 
faster,  jump  farther,  or  perform 
any  motion  quicker,  for  their 
weight,  than  large  animals :  for  the 
less  the  animal,  the  greater  the 
proportion  of  the  strength  to  the 
stress.  And  nature  seems  to  know 
no  bounds  as  to  the  smaUi^ess  of 
animals,  at  least  in  regard  to  their 
weight. 

It  is  likewise  impossible,'  in  the 
nature  of  things,  that  there  can  be 
any  trees  of  immense  size  ;  if  there 
were  any  such,  their  limbs,  boughs^ 
and  branches,  must  break  off  and 
fall  down  by  their  own  weight. 
Thus,  it  is  impossible  there  can  be 
an  oak  a  quarter  of  a  mile  high ; 
such  a  tree  cannot  grow  or  stand, 
but  its  limbs  will  drop  off  by  their 
weight.  And  hence  also  smaller 
plants  can  better  sustain  them- 
selves than  large  ones. 

To  f(»rm  an  idea  of  the  strength, 
or  resistance,  or  renitency,  of  the 
parts  of  bodies,  suppose  a  cylin- 
drical one  suspended  vertically  by 
one  end.  Here  all  its  parts,  being 
heavy,  tend  downwards,  and  en- 
deavour to  separate  the  two  conti- 
guous planes  or  surfaces  where  the 
body  is  the  weakest ;  but  all  the 
parts  of  them  resist  this  separation 
by  the  force  with  which  they  co- 
iiere,  or  are  bound  together.  Here 
then  are  two  opposite  powers ;  viz, 
the  weight  of  the  cylinder,  which 
lends  to  break  it;  and  the  force  of 
cohesion  of  tiie  parts,  which  resists 
tlie  fracture. 

If  now  the  base  of  the  cylinder 
be  increased,  without  increasing 
its  length  ;  it  is  evident  that  both 
the  resistance  and  the  weight  will 
be  increased  in  ihe  same  ratio  as 
the  base  ;  and  hence  it  appears 
that  all  cylinders,  of  the  same 
matter  and  length,  whatever  their 
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bases  be,  have  an  equal  resistance, 
when  vertically  suspended. 

But  ir  ihe  length  of  the  cylinder 
be  increased,  without  increasing 
its  base,  its  weight  is  increased, 
while  the  resistance  or  strength 
continues  nnaltered  ;  consequently 
the  lengthening  has  the  e£fect  of 
weakening  it,  or  increases  its  ten- 
dency to  break. 

Hence,  to  find  the  greatestlength 
a  cylinder  of  any  matter  may  have, 
when  it  just  breaks  with  the  ad* 
dition  of  another  given  weight, 
we  need  only  take  any  cylinder 
of  the  same  matter,  and  fasten  to 
it  the  least  weight  that  is  just  suf- 
ficient to  break  it ;  and  then  con* 
sider  how  much  it  must  be  lengthen^ 
ed,  so  that  the  weight  of  the  part 
added,  together  with  the  given 
weight,  may  be  just  equal  to  that 
weight,  and  the  thing  is  done. 
Thus,  let  /  denote  the  first  length 
of  the  cylinder,  c  its  weight,  g  the 
given  weif^ht  the  lengthened  cy- 
linder is  to  bear,  and  to  the  least 
weight  that  breaks  the  cylinder  I, 
also  X  the  length  sought; 

ex 
then asl:x:ic  :-y-  =  the  weight 

i 

of  the  longest  cylinder  sought ; 
and  this,  together  with  the  given 
weight  g,  must  be  equal  to  c,  to- 
gether with  the  weight  w  ;  hence 
c  X 

then  —-  -{-  g  =  c  -^  w  ;  therefore 


X  = 


c^tv—g 


I    =    the    whole 


length  of  the  cylinder  sought.     If 

the  cylinder  must  just  break  with 

its  own  weight,  then  is  ^  =  0,  and 

c  -}-  w 
ill  that  case  «=  — —     /     is    the 

c 

whole  length  that  just  breaks  by 
its  own  weight.  By  this  means, 
Galileo  found  that  a  copper  wire, 
and  of  consequence  any  otHer  cy- 
linder of  copper,  might  be  extend- 
ed to  4801  braccios  or  fathoms  of 
8<x  feet  long. 

It  the  cylinder  be  fixed  by  one 
end  into  a  wall,  with  the  axis  ho- 
rizontally; the  force  to  break  it, 
and  its  resistance  to  iVacture,  will 
here  be  both  ditFeient ;  as  both  the 
weight  to  cause  the  fracture,  and 
ihe  resistance  of  the  fibres  to  op- 
iMse  it,  are  combined  with  tire 
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effects  of  the  lever ;  for  the  wJ»iglit 
to  cautee  the  fracture,  whether  of 
the  weight  of  a   beam  altine,   or 
combined    with     an      additional 
weight  hung  to  it,  is  to   be  sup-' 
posed  collected  into  the  centre  of 
gravity,  where  it  is  considered   as 
acting  by  a  lever  equal  to  the  dis- 
tance of  that  centre    beyond   the 
face  of  the  wall  where  the  cylin> 
der  or  other  prism  is  fixed ;   and 
then  the  product  of  the  said  whole 
weight  and  distance  will  be  the 
momentum  or  force  to  break  the 
prism.    Again,   the    resistance  .of 
the  fibres  may  be  supposed  collect. 
ed  into  the  centre  of  the  trans- 
verse section,  and  all  acting  there 
at  the  end  of  a  lever  equal  to  the 
vertical  semidiameter  of  tiie  sec- 
tion, the  lowest  point  of  that  dia- 
meter   being     immoveable,     and 
about  which  the  whole  diameter 
turns  when  the  prism  breaks ;  and 
hence  the  product  of  the  adhesive 
force  of  the  fibres  multiplied  by 
the  said  semidiameter  will  be  the 
momentum  of  resistance,  and  must 
be  equal  to  the  former  momentum 
when  the  prism  just  breaks. 

Hence,  to  find  the  length  a  prism 
will  bear,  fixed  horizontally,  be- 
fore it  breaks,  either  by  its  own 
weight,  or  by  the  addition  of  any 
adventitious  weight;  take  any 
length  of  such  a  prism,  and  load 
it  with  wefghts  till  it  just\>reaks. 
Then,  put 
1=  the  length  of  this  prism, 
c  =  its  weight, 

w  9  the  weight  that  breaks  it* 
a  =  distance  of  weight  ft;, 
g  ^  any  given  weight  to  be  borne, 
^—  its  distance, 
df  =  the  Ivagih  required  to  break. 


Ihen  I :  x  =  c  :  -j 
ex 


the  weight 


of  the  prism  x,  and  -.—  X    ^  <  ^ 

ca^       .  ■         ^ 

— 7=  Its  momentum;  tilsodg=: 

the  momentum  of  the- weight^/ 

thetefore  -— -f- <f  ^  is  the  momen- 
'Jt  c 

turn  of  the  prism  x  and  its  addod 
w(*ight.  Ill  like  iimnner  ^  c^  -f- 
a  to  is  that  of  the  VorniM*  or  short 
prism,  and  the  weight  that  brako 
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Mi«i"il'i.ei*''"  °"  •  '  "■ 

fl  it  ■  [Hie  in  sll  cqnBtinnt,  IhM 
'  (he  vaJue  of   the   tubluiEenl 


'■  -    In  the   ccmnion   parubola, 

prnpfrty  i«  fii  =  jr«  (  tlie 

leenl  li  in  lenith  erinit  to  «, 

^wiu  mnlliiilied  liy  I,  lbs  ex. 
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"  8u"™*mo«finii»e»«,i.(lBd. 
ing  the  dilference  bEt«e«i  lw< 
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anged  {u,<a  +  lo- 


SniTiiicTioiiof  Jbfbvic  Fnic- 
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.SogTaACTiOH  of  Airrfi.ii  finding 


KB/e.  ReJucetb 

a'rt'i.'lhe  Kiiiie  ii 
he  FO-effieient^  « 
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ofUiciui>;»idlhuniiittanrh_..„._ 
the  ecliptic  Di-biu  of  tbs  pIuieIb 
and  concu  Into  ei^eycloidi. 


(Teateu  wbcn  tbe  cartti  i>  in  in 

ms"/;  aiidli^li^aatwhtn  Lhi 
earth  b  ui  iu  aphelion,  when  it  li 
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I  philosophy,    which  thovr 
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<tance«,«rotild.  In  the  first  Instance, 
consider  the  water  not  merely  as 
the  caase  of  heat,  bat  heat  itself, 
as  we  do  the  solar  rays.  Nume- 
rous facts,  however,  may  convince 
ns  of  the  contrary.  On  the  tops 
of  mountains  of  sufficient  height, 
where  clouds  can  seldom  reach  to 
shelter  them  from  the  direct  rays 
of  the  sun,  we  find  regions  of  per* 
petual  snow.  Now,  if  the  solar  rays 
themselves  conveyed  all  the  heat 
we  find  on  our  globe,  it  ouq;ht  to 
be  hottest  where  their  course  is  the 
least  interrupted ;  viz.  on  the  tops 
of  those  mountains,  which  we 
know,  from  observation,  to  be  in 
a  constant  state  of  congelation. 
The  same  has  been  observed  by 
those  who  have  ascended  in  bal- 
loons, i.  e,  the  higher  they  ascend 
the  greater  degree  of  cold  they 
experience  ;  the  sun  itself  appears 
diminished,  both  in  splendour  and 
magnitude  ;  and  the  heavens,  in- 
stead of  the  azure  or  blue,  which 
we  observe,  approach  more  and 
more  towards  a  total  obscurity. 

SUPERFICIES,  or  Supbrfics, 
in  Geometry,  the  outside  or  exterior 
aurface  of  any  body.  This  is  con- 
sidered as  of  two  dimensions,  viz. 
length  and  breadth,  but  without 
thickness,  and  tlierefore  forms  no 
part  of  the  substance,  or  solid  con- 
tent, or  matter  of  the  body. 

The  bounds  or  extremities  of  a 
superficies  are  lines,  and  it  is  said 
to  be  a  rectilinear  or  curvilinear 
superficies,  according  as  the  bound- 
ing lines  are  right  or  curved. 

SupsRFiciBs  are  farther  divided 
into  plane,  concave,  and  convex. 

Plane  Supkrpiciks,  is  that  in 
which  if  a  rightrline  touches  it  in 
two  points,  it  touches  it  in  evei^ 
point;  if  not,  it  is  curved,  and  is 
cither  -concave  or  convex. 

Concave  SupKRPiciKS,is one 
which  sinks  inwards,  like  the  in- 
side of  a  cup  or  hemisphere. 

Convex  Supbrpiciks,  is  that 
which  rises  outwards,  as  the  out- 
side of  a  sphere  or  hemisphere. 

SUPPLEMENTofaniircin 
Trigonometry,  is  what  it  wants  of 
180*. 

SURD,  in  Arithmetic  and  Alge- 
bra, denotes  the  root  of  any  quan- 
tity, when  that  quantity  is  not  a 
complete  power  Of  the  dimvnsign 
4r9  ' 


required  ;  thns  y*  ^  ^$  V  ff  Ac: 
are  surds  or  irrational  quantities. 

Surds  are  either  simple  or  com- 
pound. 

A  Simple  Surd,  is  that  which 
consists  of  only  one  term,  as  v^2, 
<^6,  &c. 

A  Compound  Surd,  is  that  which 
consists  of  two  or  more  terms  or 
radicals,  thus  V^  +  V*  ♦  V'^'—  V** 
or  V'(3  -|-  s/'i)$  ^c.  are  compound  ; 
and  when  there  are  only  two  terms 
they  are  also  called  6inomia^  surds. 

Surds,  are  again  either  irration 
al  or  imaginary ;  they  are  irra- 
tional when  the  quantity  under 
.the  radical  is  a  positive  quantity, 
or  if  it  be  negative,  and  the  radi- 
cal be  of  odd  dimensions;  and  they 
are  imaginary  when  that  quantity 
is  negative,  and  the  root  to  be  ex- 
tracted is  of  even  dimensions. 

Surds,  are  also  farther  distin- 
guished into  finite  and  continued; 
of  the  former  kind  are  all  those 
which  we  have  given  above,  and 
the  latter  are  those  of  the  form 

singular  that  the  latter,  though  ap. 
parently  so  much  more  complex 
than  the  former,  are  frequently 
expressible  in  rational  numbers. 

To  extract  the  square  root  of  bi» 
Qomial  surds. 

Let  it  be  proposed  to  find  th^ 
square  root  of  a  +  \/6.     Assume 

V  («  ±  V*)  =  n/'  ±  vy  /  then  by 
squaring 

this  gives  us  {'  +  y=^ 
Whence  we flnd««-±4!^> 

andy= 

which  may  therefore  be  consider- 
ed as  general  formalae  for  this  pur- 
pose. 

Suppose,  for  example,  the  ^(13 
+  2^35)  was  required,  here  a  = 
12,  and  6  =  140,  therefore, 

—  lg+V(144— 140)  _  12 -f  y/i 
*—  2  ""         « 

12  —  ^^(144—140)      12—^/4 
'  2  2 

=  5,  therefore  the  root  is  v^7  + 
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Co-txtracl  the  cube  rool  of  a  bi* 
iioniial  Hurd. 

hiri  a±im  y/b  be  the  'proposed 
surd,  m  \'b  bring  already  m  lis 
•implest  loriii. 

Auunie  ^(a±:m  y/b)  =  x±i 9>Jb, 

By  cubing  a±,m  Jb=^jfl4-3x*ff 
y/b-^i^bx±^bjb  T 

Whence  }  3,*^  4.  y««  6  =  w 
from  wliich  equations  x  and  y  may 
be  i'ound  by  extennUiating  one  ol 
tliuRe  quantilicB  ;  bul,  astliv}  must 
neceNitarily  lie  eillu-r  integral  or 
fractiiinal  wlien  the  extraction  i* 
pouible,  it  will  commonly  be  the 
readiest  way  to  aaAunie  several 
values  of  y  in  the  latter,  and  thence 
find  the  value,  which,  when  sub- 
stituted for  X  in  the  first  equation, 
must  give  the  true  result^  it  y  have 
been  rightly  assumed ;  i(  not,  an- 
other value  of  y  must  be  taken,  till 
a  proper  value  of  x  is  obtained, 
and  if  this  cannot  be  done  the 
quantity  proposed  has  no  radical 
root. 

Exam.  I«t  it  be  proposed  to  find 
the  cube  rootof  135 ^^TB  ^8.  Here 
a  a=  ISA,  fr  =  3,  and  m  =  7 ;  and  the 
equations  are 

8J^'y  +  3yS  =   78 
Whence  it  obtain  y  =  3,  and  x= 
3,  therefore 

'^(135±78v^3)=a±«V3,  a»re. 
quired. 

SURFACE,  in  Geometry.  See 
Superficies, 

hUUSOLID,  a  term  given  by  the 
early  algebraiKts  to  what  we  now 
more  commonly  call  a  lifih]X)wer. 

SuRsuLiD  Problem,  that  whose 
solution  depends  upon  the  higher 
geometry,  viz.  on  tlie  conic  sec- 
tions and  other  curves  ;  this  term, 
liowever,  is  now  seldom  or  never 
mnde  use  of. 

SURVEYING,  in  a  general  sense, 
denotes  the  art  of  measuring  the 
angular  and  linear  distances  of  ob- 
jects, whereby  to  delineate  their 
several  positions  on  paper,  and  to 
ascertain  the  superficial  area  or 
i«pace  between  them.  This  is  of 
two  kinds.  Land  surveyifig,  and 
jMariiie  surveying;  tl»e  former  hav- 
ing generally  in  view  the  measure 
or  content  of  certain  tracts  of 
l;ind,  and  the  latter  the  position  of 
remarkable  objects,  as  beacons^ 
47t) 


towers,  shoals,  coasU,  Ac  TiKMe 
extensive  operations  which  have 
in  view  the  determination  of  ihe 
latitudes  and  longitudes  of  places, 
and  the  lengths  of  terrestrial  arcs  in 
dilferent  latitudes,  are  also  placed 
under  the  general  term  surveying. 

Of  Landsurveytng.— This  consisu 
of  three  distinct  cases,  viz.  1.  The 
measuring  of  certain  lines,  angles, 
&c.  2.  Protracting,  or  layii^  the 
same  down  on  paper,  so  as  to  form 
a  map  of  the  estate  or  country.  3. 
The  computation  of  the  superficial 
content,  as  found  by  the  preceding 
operations. 

Various  instruments  are  made 
use  of  for  the  purpose  of  taking 
the  dimensions;  the  principal  and 
most  indispensable  of^  which  is  the 
chain  commonly  called  Guniei's 
chain,  which  is  22  yards  in  length, 
and  divided  into  100  links :  Id  of 
these  square  chains,  or  lOOOW 
square  liAks  is  one  acre,  viz. 
625  square  links  is  1  perch. 

25000  square  links,  or  40  perches, 

I  roo<n 
100000  square  links,  or  4  roods,  1 
acre. 

This  is  for  taking  the  linear  di* 
niensions,  beside  which  the  sur- 
veyor  must  provide  himself  with 
10  small  arrows  for  marking  the 
several  lengths,  and  which  are 
successively  put  down  by  the  \ter» 
sou  leading  the  chain,  and  .taken 
up  by  him  who  follows,  and  whose 
business  it  is  to  direct  the  survey. 
These  with  the  chain  are  sufficient 
for  surveying  estates  of  consider 
able  extent ;  but  it  will  frequently 
save  a  great  deal  of  labour  to  be 
furnisiied  with  proper  instruments 
for  measuring  angles. 

The  following  directions  are  use- 
ful in  making  a  large  survey  : — 

1.  IJefore  the  survey  is  begun, 
walk  over  the  estate  two  or  three 
times,  in  oriler  to  get  a  perfect* 
idea  of  it,  till  you  can  carry  the 
form  of  it  tolerably  in  your  inind. 
And,  to  help  your  memory,  draw 
an  eye-draught  of  it  on  paper,  or 
at  least,  of  the  principal  parts  of 
it,  to  Rpide  you. 

2.  (liioose  two  or  more  eminences 
in  the  estate  for  your  stations, 
from  whence  3'ou  can  sec  all  the 
principal  parts  of  it:  and  let  these 
stations  be  as  far  di:>tant  f:-om  one 


9  U  R — S  V  R 


anotber  as  possible ;  as  the  fewer 
stations  you  have  lo  command  the 
whole,  the  more  exact  yoor  work 
vrill  be ;  and  they  will  be  fitter  for 
your  purpose,  if  these  station-lines 
be  in  or  near  the  boandaries  of 
the  ground,  and  especially  if  two 
or  more  lines  proceed  from  one 
station. 

3.  Take  angles  between  the  sta* 
lions,  such  as  you  think  necessary, 
and  measure  the  distances  from 
station  to  station,  always  in  a  right- 
line  ;  these  things  must  be  done, 
till  you  get  as  many  angles  and 
lines  as  are  sufficient  for  deter- 
mining all  your  points  of  station. 
And  in  measuring  any  of  those 
station  distances,  mark  accurately 
where  tliese  lines  meet  with  any 
hedges,  ditches,  roads,  lanes, 
paths,  rivulets,  &c.  and  where 
any  remarkable  object  is  placed, 
by  measuring  its  distance  from 
the  station-line,  and  where  a  per- 
pendicular from  it  cuts  that  line  ; 
and  always  mind,  in  any  of  these 
observations,  that  you  be  in  a 
right  line,  which  you  will  know 
by  taking  backsight  and  foresight, 
along  your  station-line.  And  thas 
as  yon  go  along  any  main  station- 
line  lake  oflfsets  to  the  ends  of  all 
hedges,  and  to  any  pond,  house, 
mill,  bridge,  &c.  omitting  nothing 
that  is  remarkable.  And  all  these 
things  must  be  noted  down;  for 
these  are  your  data,  by  which  the 
places  of  such  objects  are  to  be 
determined  upon  your  plan.  And 
be  sure  to  set  marks  up  at  the  in- 
tersections of  all  hedges  with  the 
station-line,  that  you  may  know 
where  to  measure  from,  wnen  you 
come  to  survey  these  particular 
fields,  which  must  immediately 
be  done,  as  soon  as  you  have  mea- 
sured that  station-line,  whilst  they 
are  fresh  in  memory.  In  this  way 
all  your  station-lines  are  to  be 
measured,  and  the  situation  of  all 
places  adjoining  to  them  deter- 
mined,  which  is  the  first  grand 
point  to  be  obtained. 

4.  As  to  the  inner  parts  of  the 
estate,  they  must  be  determined  in 
like  manner  by  new  station-lines, 
for  after  the  main  stations  are  de- 
termined,* and  every  thing  adjoin- 
ing to  tlieni,  then  the  estate  must 
Jbe  subdivided  iuto  two  or  three 


parts  by  new  station-lines )  taking 
inner  stations  at  proper  places 
where  you  can  have  the  best 
view  ;  measure  these  station-lines 
as  yon  did  the  first,  and  all  their 
intersections  with  hedges,  and  all 
offsets  to  such  objects  as  appear. 
Then  you  may  proceed  to  survey 
the  adjoining  fields  by  taking  the 
angles  that  the  sides  make  with 
the  station-line  at  the  intersections, 
and  measuring  the  '  distances  tu 
each  corner  from  the  intersections* 
For  every  station-line  will  be  a 
base  to  all  the  future  operations, 
the  situation  of  all  parts  being  en- 
tirely dependant  upon  them;  and, 
therefore,  they  should  be  taken 
of  as  great  a  length  as  possible  ; 
and  it  is  best  for  them  to  run  along 
some  of  the  hedges  or  boundaries 
of  one  or  more  fields,  or  to  pass 
through  some  of  their  angles.  All 
things  being  determined  for  these 
stations,  you  mast  take  more  inner 
ones,  and  so  continue  to  divide 
and  subdivide,  till  at  last  you 
come  to  single  fields,  repeating 
the  same  work  for  the  inner  sta- 
tions as  for  the  outer  ones,  till  all 
be  done ;  and  close  the  work  as 
often  as  you  can,  and  in  as  few 
lines  as  possible.  And  that  yoQ 
may  choose  stations  the  most  con^ 
veniently,  so  as  to  cause  the  least 
labour,  let  the  station-lines  run  as 
far  as  you  can  along  some  hedges, 
and  through  as  many  corners  oi 
the  field  and  other  remarkable 
points  as  you  can ;  and  take  no- 
tice how  one  field  lies  by  another, . 
that  yon  may  not  misplace  them 
in  the  draught. 

5.  An  estate  may  be  so  situated, 
that  the  whole  cannot  be  surveyed 
together,  because  one  part  of  the 
estate  cannot  be  seen  from  another. 
In  this  case  you  may  divide  it  into 
three  or  four  parts,  and  survey 
the  parts  separately,  as  if  they 
were  lands  belonging  to  different 
persons,  and  at  last  join  them 
together. 

6.  As  it  is  necessary  to  protract 
or  lay  down  your  work  as  you  pro 
ceed  in  it,  you  must  have  a  scale 
of  a  due  length  to  do  it  by.  To 
get  such  a  scale  yon  must  measure 
the  whole  length  of  the  estate  in 
chains^  then  you  must  consider 
how  luauy  inches  in  length  the 
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fimp  It  to  be,  and  f-om  these  yon 
will  knew  how  many  chains  you 
mast  have  in  an  inch;  then  make 
your  scale,  or  choose  one  already 
made  accurdingly. 

f.  The  trees  in  every  hedge-row 
must  be  placed  in  their  proper  si- 
tualiun,  which  is  soon  done  by  the 
plain  table,  but  may  be  done  by 
the  eye  without  an  instrument; 
and  being  tlius.taken  by  guess  in  a 
rough  draught,  they  will  be  exact 
enough,  being  only  to  look  at; 
except  it  be  such  as  at  any  re- 
markable places,  as  at  the  ends  of 
hedges,  at  stiles,  gates,  Sec.  and 
these  must  be  measured.  But  all 
this  need  not  be  done  till  the 
draught  is  finished.  And  observe 
in  all  the  hedges  what  side  the 
ditch  is  on,  and,  consequently,  to 
whom  the  fences  belong. 
|r-8.  When  you  have  long  stations 
you  ought  to  have  a  goiid  instru- 
ment to  take  angles  with ;  and  the 
plain  table  may  very  properly  be 
made  use  of  to  take  the  several 
amail  internal  parts,  and  such  as 
cannot  be  taken  front'  the  main 
stations,  as  it  is  a  very  quick  and 
ready  instrument. 

TY^onometricMl  Surtbtino.  In 
the  preceding  part  of  this  article 
onr  views  have  not  extended  be- 
yond the  surveying  of  fields,  es- 
tales,  &c.  the  purpose  of  which  is 
principally  to  ascertain  the  exact 
quanlily  o(  land  contained  in  the 
several  fields,  and  their  relative 
positions  with  regard  to  each  other ; 
and  with  regard  to  the  latter  the 
utmost  accuracy  is  not  required, 
and  therefore  no  account  is  taken 
of  the  spherieal  figure  of  the  earth, 
but  the  whole  survey  is  consi- 
dered as  if  carried  on  upon  an  ex- 
tended plane  surtiice.  But,  of  late 
years,  surveys  of  a  much  more 
extensive  nature  have  been  carry- 
ing on,  under  the  pairoaage  of 
most  of  the  governments  of  Europe, 

Sarticuiarly  those  of  France  and 
Ingland.  These  have  been  under- 
taken principally  for  the  accom- 
plishment of  one  or  other  of  these 
objects,  viz.  1.  For  finding  the  dif- 
ference of  longitude  between  two 
noted  meridians,  as,  for  instance, 
between  those  passing  through  the 
observatories  of  Greenwich  and 
Paris.  S.  The  accurate  determina- 
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Uon  of  the  ge<^n^phical  potiliiHi 
of  the  principal  places  of  a  cotm. 
try,  with  a  view  to  give  greater 
accuracy  to  maps  and  charts.  9. 
For  the  determination  of  the  length 
of  an  arc  of  the  meridian  in  differ- 
ent latitudes,  from  which  to  deter 
mine  the  true  figure  and  magui* 
tude  of  the  earth. 

When  objects  so  important  as 
these  are  to  be  attained,  it  is  ma 
nifest,  that,  in  order  to  insure  the 
necessary  degree  of  correctness  in 
the  results,  the  instruments  em 
ploved,  the  operations  performed, 
and  the  computations  required, 
must  each  have  the  greatest  posst 
ble  degree  of  accuracy. 

In  the  determination  of  distances 
of  many  miles,  whether  for  the 
survey  of  a  kingdom,  or  for  the 
measurement  of  a  degree  of  lali 
tude  or  longitude,  the  whole  dis- 
tance between  the  two  extreme 
points  is  not  actually  measured; 
for  this,  on  account  of  tlie  ineqnali* 
ties  of  the  earth's  surface,  the  in- 
terposition of  mountains,  river*, 
&c.  would  be  always  very  diffi- 
cult, and  frequently  im|M>ssiblr. 
But  a  line  a  few  miles  in  length  is 
very  carefully  measured  on  some 
plain,  heath,  or  marsh,  which  is 
so  nearly  level  as  to  facilitate  the 
measurement  of  an  actual  horizon- 
tal line,  or  rather  an  arc  of  a  great 
circle  of  the  terrestrial  sphere ; 
and  this  line  being  assumed  as  the 
base  of  the  operations,  certain 
hills,  towers,  See.  are  selected  ;  at 
which  signals  can  be  placed  so  as 
to  be  distinctly  visible  the  one 
from  the  other ;  the  lines  joining 
those  points  constituting  a  double 
series  of  triangles,  of  which  the 
assumed  base  forms  the  first  side ; 
the  angles  of  these,  that  is,  the 
angles  made  ateacii  station  or  sig- 
nal-stalTby  two  other  signal-staves, 
are  very  accurately  measured  by 
a  theodolite,  which  is  carried  from 
one  station  to  another ;  and  thus 
the  distance  between  the  two  ex- 
treme {Hiints  may  be  found  by  the 
rules  of  trigonometry,  in  which, 
however,  the  spiiciical  figure  of 
the  earth  and  other  minute  cir 
cnmsianccs  are  to  be  introduced. 

Thus  far  the  principles  of  ope- 
ration  are  extremely  obvious,  be- 
cause we  have  supposed  the  whole 
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series  of  triangles  m  formed  upon 
an  extended  horizontal  plane,  bat 
this  is  evidently  not  correct,  as  in- 
stead of  such  a  plan^,  tliey  form  a 
pan  of  a  spherical  surface,  and 
therefore  the  computations  must  be 
^carried  on  upon  the  principles  of 
spiierical  trigonometry;  or  the  base 
actual  measured  must  be  reduced 
to  the  chord  of  its  arc,  in  which 
case  plane  trigonometry  may  be 
employed  ;  on  both  of  which  me- 
thods we  pro])ose  to  offer  a  few 
observations. 

Measurement  of  the  base. — The 
first  important  operation  to  be  at- 
tended to  in  these  surveys  is,  the 
conect  measurement  of  a  base, 
because  on  this  depend  the  whole 
accuracy  of  the  results.  The 
French  philosophers  used  for  this 
purpose,  in  their  measurement  for 
the  determination  of  the  length  of 
the  metre,  rulers  of  platina,  and  of 
copper,  forming  metallic  ihernio- 
ineters.  The  Swedish  mathema- 
ticians Swan  berg  and  Overliom, 
employed  iron  bars  covered  to- 
wards each  extremity  with  plates 
of  silver.  The  English,  under  the 
direction  of  General  Roy,  began 
their  measurement  with  deal  rods 
20  feet  long,  but  they  were  soon 
found  not  to  be  sufficiently  ac- 
curate, and  glass  rods  of  the  same 
length  were  employed,  the  quan- 
tity of  whose  expansions  from  any 
increase  of  temperature,  was  first 
found  by  experiment,  and  after- 
wards adjusted  in  the  survey  by 
means  of  thermometrical  observa- 
tions. The  base  thus  measured 
was  found  to  be  S7404-08  feet,  or 
about  5.19  miles.  Aud  several 
years  afterwards  the  same  base 
wasrcmeasured  by  Colonel  Mudge, 
wiih  a  steel  chain  100  feet  long, 
constructed  by  Ramsden,  and 
jointed  after  the  manner  of  the  in- 
ternal chain  of  a  watch.  This 
chain  was  always  stretched  to  the 
s»me  tension,  supported  on  troughs 
laid  horizontally,  and  allowances 
were  made  for  changes  in  its 
length  by  reason  of  the  variations 
in  temperature,  at  the  rate  of 
'0075  of^an  inch  for  each  degree  of 
heat  from  62*  of  Fahrenheit's  ther- 
mometer; the  result  of  whicli 
xneMttrement  differed  only  3| 
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inches  from  General  Roy*!,  whicli, 
considering  the  whole  distance, 
5*19  miles,  was  a  remarkable  con- 
firmation of  the  accuracy  of  both 
measures. 

After  the  important  operation 
of  the  measurement  of  a  base, 
which  is  to  be  the  side  of  tlve  first 
triangle,  (which  side  is  a  spherical 
arc,  if  the  measurement  be  con 
ducted  by  sphei^ical  triangles ;  or 
a  straight  line,  if  by  plane  tri 
angles  of  the  chords  of  the  sphe- 
rical arcs),  the  angular  distance 
between  the  objects  that  mark  the 
several  stations  must  be  observed  ; 
but,  as  the  objects  are  probably 
not  situated  in  the  same  horizontal 
plane,  nor  on  the  same  spherical 
surface,  the  angle  observed  is  an 
oblique  angle :  but,  as  the  lines, 
&c.  to  be  computed,  are  supposed 
to  be  in  the  surface  of  the  earth, 
horizontal  angles  are  required. 

Therefore,  the  obliqne  angle  ob- 
served must  be  redaced  to  an  ho* 
rizontal  angle. 

If  we  could  determine,  inde- 
pendently of  observation,  the  quan- 
tity by  which  the  sum  of  the  three 
angles  ought  to  exceed  180*>,  we 
should  then  be  able  to  jpdge  ot 
the  accuracy  of  the  observations, 
which  it  is  desirable  to  do,  since 
observations  made  on  objects  si- 
tuated nearly  in  the  horizon,  aire 
liable  to  some  uncertainty.  Now, 
the  theorem  concerning  the  area 
of  a  spherical  triangle,  given  un 
der  that  article,  enables  us  to  de- 
termine the  quantity  of  the  excess; 
for  the  area  is  equal  to  the  dif- 
ference of  the  sum  of  the  three 
angles  and  180^,  and  cpnsequently, 
since  the  sides  of  the  spherical 
triangle,  described  on  the  earth^s 
surface,  are  nearly  rectilinear, 
they  may,  with  scarcely  any  error, 
be  considered  as  rectilinear  in  the 
computation  of  the  area. 

This  elegant  application  of  the 
above  rule  of  Albert  Girard's  was 
first  made  by  General  Roy,  in  the 
Phil.  Trans,  for  1790,  where  he 
gives  the  following  fnle,  for  com- 
puting what  he  calls  the  spherical 
excess :  viz. 

From  the  logarithm  of  the  area 
of  the  triangu  taken  as  a  plane 
9ne  in  feet,  subtract  the  constant 


MATIIGHATICAL  AVD 
trntarMm  t-KCnil,  and  at  ft- 
malariir  U  tkr  Itgrntillnm  if  lit 
tinii  attit  IMi  in  ticoiidi  imrlf. 
Thli  r<ikwucni,.inu.,iHi«il   i,. 

MilUmiy  Cullue  n  Hi«h  Wy- 
omb,  DH(  lU  that  tlmfl  fliiM^ 
wilh  tlw  OciirnI  In  condiiGline 
th«  ■■nrry.  DelMBibn  liu  ftlau 
(Inn  a  tlnple  niEltouil  nT  dcLcr- 

IfFHiiiiin  iiT  Ihc  liiMiUitc  far  ISM, 

■tier  whkh,  li«  nwy  pnxtfrd  lu 

by  the  rvLe«  of  Hpknical  trlgmiv 
■iiiry ;  bat  Uiwr  rnlr*,  ■UlwDBh 
they  luaU  DcMMtrily  five  Ar 
exuet  retnlu,  wlU  b>  Tery  irH- 
Gbeut  in  iii>lnlitf  expcditloii,  vhicli 
la  All  oiyect  of  great  Impurtaiicv 
.vhrre  many  kaiidred  iucb  uperk- 
tiiHia  nee  to  b«  pertunnvd.  Le- 
lemlre  lu>,  Uitrerarr,  '—-■'-- 


i  tflurlcat  Irltmglt  teliv  pri 
wHTif,  af  •rllrik  Me  I'dri  an  nrr 
muiU  frUt  TigarH  Is  til  raiHiu  a. 
tbr  fyhtrct  if  from    tarli  tf  ibt 

ll,r  IBM  n/  ui  thnt  vuglr-  ■■•—- 
IN'  »i  tuilrarlra,  Ikt  tugl  . 
mliMtil  wry  »r   (jitin   Jar  Me 
antlfi  if  a  riTlllliHur  Mm   ' 

Ifurll'  It  titit  if  lit  vAVwii/ 
lUlHemr  Irliatlr. 
TrliuiBl«    iilvrd   L7  either  oF 

direct  pocu.;  nr'by  " 
ApiHmimUUlii,  will  hi 
(rianglei, Uieiruili^a  ar 


HTBICAL  SCtETCK. 


«uiid"r"''li^  'L^'St'll'i'; 

fivrdinily  lOHilved  thei^ 
t,  nut  as  ipherieiil,  bat  ai 


^m« 


InunmeDUUy  or  it  t^t- 

lathiD,  to  banamtal   «iigE*a;  bat 

I    tuted,    ipherical    aniJo, 

I  by  the  ciiordl  a£  tbe  i^fr 


laSSdT  t!i™  h«t  T*''  "* 

i^niuTlrianBlc,  tii  find  the  u^\t 

aret  1  alilch  la  re»l*cd  bv  the  M- 
lowlpffoinuliB: 
Let  Iht  IwoEinn  apherlcal  iiM 

be  dciiultiTby  a  and  », 
the  •plierital  angle  by  O, 


SDRV1T0R8HIF,  thg  doe 


111,  thenfi.re,  iinly  x-fenlir 
SURI'GNBION,    til    J/>r*i»lr-i, 

il^ms-t'oacdnnl,  the  name 
Jtr.'sutliin,'fa!it  ™hicii"il[  WW  ul 


S  Y  TX — B  Y  8 


ing  of  two  or  mor«  nnkiiovn 
.  quantities,  similarly  involved,  so 
that  no  difference  will  arise  by 
writing  these  quantities  recipro* 
cally  for  each  other. 

SYNCHRONISM,  the  being  or 
happening  of  several  events  at  the 
same  time,  as  isochronism  denotes 
two  or  more  things  being  pertorm* 
•d  in  the  same  time. 

SYNODIC,  or  S  ynodical  Month, 
is  the  period  or  interval  of  time  in 
which  the  moon  passes  from  one 
coqjunction  with  the  sun  to  ano- 
ther, and  is,  therefore,  precisely 
one  complete  lunation,  the  mean 
duration  of  which  is  29^  19/*  44/  2*8'/. 

SxMODic  Revolution  of  &  Planet, 
is  the  time  between  two  conjunc- 
tions, or  two  oppositions  of  the 
same  planet  and  the  sun. 

SYNTHESIS,  denotes  a  method 
of  composition,  as  opposed  to  ana- 
lysis,  or  resolution. 

In  the  synthesis,  or  synthetic 
method,  we  pursue  the  truth  by 
reasoning  drawn  from  principles 
before  established,  or  assumed, 
aiul  propositions  formerly  demon- 
strated ;  thus  proceeding  by  a  re- 
gular process  till  we  come  to  the 
conclusion ;  and  is  hence  also 
called  the  direct  method,  and 
composition,  in  opposition  to  ana- 
lysis or  resolution. 

Such  is  the  method  in  Euclid's 
Elements,  and  most  demonstrations 
of  the  ancient  mathematicians, 
which  proceed  from  definitions 
and  axioms,  to  the  demonstration 
of  theorems,  problems,  &c.  and 
from  those  theorems  to  the  demon* 
stration  of  others.    See  Analysis. 

SYNTHETICAL  Method,  ihe  me- 
thod by  syuihe.sis,  or  composition, 
or  the  direct  method. 

SYPHON.    See  Siphon. 

SYRINGE,  in  Hydraulics,  a 
small  simple  machine,  serving  first 
to  imbibe,  or  suck  in  u  qunnlity  of 
water,  or  other  fluid,  aud^ihcn  to 
expel  the  same  with  violence  in  a 
•mall  jet. 

The  syringe  is,  in  fact,  a  small 
•ingle  sucking-pninp  witiiout  a 
▼alve,  the  water  ascending  in  it 
•»  the  same  principle  as  is  ex- 
plained under  the  article  Pump. 
it  consists,  like  tlie  pump,  of  a 
small  cylinder,  with  an  embolus 
or  sucker,  moving  up  and  down  iu 
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it  by  means  of  a  handle,  and  fitting 
it  very  close  within.  At  the  lower 
end  is  either  a  small  hole,  or  a 
smaller  tube  fixed  to. it  than  the 
body  of  the  instrument  through 
which  the  fluid  or  the  water  is 
drawn  up,  and  expelled  out  again. 
Thu8,the  embolus  being  first  pushed 
close  down,  introduce  the  lower 
end  of  the  pipe  into  the  fluid,  then 
draw  the  sucker  up,  by  the  han- 
dle, and  the  fluid  will  immediately 
follow,  so  as  to  fill  the  whole  tube 
of  the  syringe,  and  will  remain 
there,  even  when  the  pipe  is  taken 
out  of  the  fluid ;  but  by  thrusting 
forward  the  embolus,  it  will  drive 
the  water  before  it ;  and  being 
partly  impeded  by  the  smallnessof 
the  hole,  or  pipe,  it  will  hence  be 
expelled  in  a  smart  jet,  and  to  the 
greater  distance,  as  the  sucker  is 
pushed  down  with  the  greater 
force,  or  the  greater  velocity. 

SYSTEM,  in  a  general  sense,  de- 
notes an  assemblage  or  concatena- 
tion of  principles  and  conclusions : 
or  the  whole  of  any  doctrine,  the 
several  parts  of  which  are  united 
together,  and  follow  or  depend  on 
each  other.  As  a  system  of  astro- 
nomy, a  system  of  the  planets,  a 
system  of  philosophy,  a  system  of 
motion,  &c. 

Systkm,  in  Astronomy,  denotes 
any  hypothesis,  or  a  supposition  of 
a  certain  order  and  arrangement 
of  several  parts  of  the  universe  ; 
by  which  astronomers  explain  all 
the  phenomena  or  appearances  of 
the  heavenly  bo<Jiies,  their  motions, 
changes,  &c. 

This  is  more  peculiarly   called  . 
the    system    of  the    world,     and 
sometimes  the  solar  system. 

The  most  celebrated  systems  of 
the  world  are,  the  PtoUmaic,  the 
CoferyHcan  or  Pythagorean,  and 
the  Tychonic ;  the  principles  of 
each  of  which  is  as  follows  : 

Ptolomaic  System,  is  so  called 
from  the  celebrated  a8trx)nomer 
Ptolomy.  In  this  system  the  earth 
is  supposed  at  rest  in  the  centre  of 
the  universe,  while  the  heavens 
are  considered  as  revolving  about 
it,  from  east  to  west,  and  carrying 
along  with  them  all  the  heavenly 
bodies,  the  stars,  and  planets,  in 
the  space  of  S4  hours. 

The  principal  assertors  of  this 


MATHEMATICAL  AKD  PHTSICAL  SCIKVC^. 


nvMrm  arr.  ArUtotle,  Hlpparchas, 
l^iilomy,  and  many  of  the  ancient 
(•lith.Mtplu'i's,  and  by  phiiosophen 
in  Ki-noral,  liir  a  Rrrai  number  of 
aKe.<>i  nnd  Iohk  adheied  tu  in  many 
uiiiver!tiiie«  and  oi^er  places.  But 
the  nuMicrn  improvements  in  phi- 
loMtphy  and  peneral  science,  have 
utterly  exploded  this  erroneous 
nvMvni  from  Aie  place  it  so  long 
helil  in  the  minds  of  astronomers. 

Coju'mlcaM  System,  is  that  sys- 
tem oi  the  world  which  places  the 
sun  at  re«t  in  the  centre  of  the 
world,  ami  the  earth  and  planets 
all  revolving  nnind  him  in  their 
several  orhiti.  See  the  article  Co- 
ptrnican  Sjistcm. 

Xotar  or  Planetarjf  System  is 
usually  confined  to  narrower 
bounds;  the  stars,  by  their  im- 
mense distance,  and  the  little  re- 
lation they  ^rem  ti>  bear  to  us,  be- 
ing accounted  no  |>art  of  it.  It  is 
highly  pn>bable  that  each  fixed 
•tar  is  Itself  a  sun,  and  the  centre 
of  a  particular  system,  snrnmnded 
with  a  certain  number  of  planets, 
comets,  Ac.  which  in  different  pe- 
riods, and  at  dilTerent  distances, 
perform  their  courses  round  their 
res|iective  suns. 

The  planetary  system  described 
under  the  article  CopBaNiCAN,  i^ 
the  most  ancient  in  the  world.  It 
was  first  intniduced  into  Greece  or 
Italy  by  Pythagoras  ;  from  whom 
it  was  culled  the  Pythagorean  SyS' 
lent.  It  was  followed  by  Pluto, 
Archiniide!*,  &c.  but  it  was  lost  un- 
der ilie  reign  of  the  Peripatetic 
))hilos()phy  ;  till  happily  retrieved 
uliout  the  year  IflOO  by  Copernicus. 

Tttchonic  System  supposes  that 
tlie  earth  is  fixed  in  the  centre  of 
the  universe  or  firmament  of  stars, 
nnd  planets  revolve  round  the 
earth  in  SI  hours ;  but  it  differs 
from  the  Ptolomaic  System^  as  it 
not  only  allows  a  menstrual  mo- 
tion to  the  nuH)n  round  the  earth, 
and  that  of  the  satellites  about  Ju- 
piter and  Saturn  in  their  proper 
periods,  but  it  makes  the  sun  to  be 
the  centre  of  liie  orbits  of  the  pri- 
mary planets  Mercury,  Venus, 
Mars.  Jupiter,  &c.  in  which  tliey 
are  carried  round  the  sun  in  their 
respective  years,  as  the  sun  re- 
volves round  the  earth  in  a  solar 
year  ;  and  all  these  piaucts,  toge. 
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ther  with  the  aan.  are  sappOMd  to 
revolve  ronnd  the  earth  in  t4 hoars. 
This  hypothesis  was  so  einbarrasa> 
td  and  perplexed  that  rery  fiev 
persons  embraced  it ;  it  was  after- 
wards altered  by  Longomontanas 
and  others,  who  allowed  the  dior- 
nal  motion  of  the  earth  on  its  own 
axis,  but  they  denied  its  annual 
motion  round  the  son.  This  hy- 
pothesis, partly  tme  and  partly 
false,  is  called  the  Semi-Tgckonie 
Sjfstem. 

8YZYGY,  a  term  equally  used 
for  the  conjunction  and  opposition 
of  a  planet  with  the  "san.  On  the 
j>henomena  and  circnmstances  of 
ilie  syxygies,  a  great  part  of  the 
lunar  theory  depends. 

It  u  shown  in  physical  astronomy 
that  the  force  which  diminishes 
the  gravity  of  the  moon  in  the  sy- 
>ygi^f  »  double  that  which  in- 
creases it  in  the  qaad  rata  res ;  so 
that  in  the  syzygies  the  gravity  of 
the  moon  is  diminished  by  a  part 
which  is  to  the  wiiole  gravity,  as 
I  to  89*36 ;  for  in  the  quadratares 
the  addition  of  gravity  to  the 
whole  gravity,  as  1  to  178*73. 

In  the  syzygies,  the  distarbing 
force  is  directly  as  the  distance  of 
the  moon  from  the  earth,  and  in- 
versely as  the  cube  of  the  distance 
of  the  earth  from  the  sun.    And  at 
the  syzygies,  the  gravity   of  the 
moon  towards  the  earth    receding 
from  its  centre,  is  more  diminished 
than  according  to  the  inverse  ratio 
of  the  square  of  the  distance  from 
that  centre.    Hence  in  the  moon's 
motion    from    the    syzygies  to  the 
quadratures,  tiie   gravity   of    the 
moon  towards   the  earth  is  conti- 
nually increased,  and  the  moon  is 
continually  retarded  in  her  motion; 
but  in  the  moon's  motion  from  tlie 
quadratures  to  the  syzygies,    her 
gravity  is  continually  diminished, 
and  the  motion  iu  iter  orbit  is  ac- 
celerated. » 

Farther,  in  the  syzygies^  the 
moon's  orbit  about  the  earth  is 
more  convex  than  in  the  quadra, 
tures  ;  for  which  reason  she  is  less 
distant  from  the  earth  at  the  for- 
mer than  at  the  latter.  Also,  wliea 
the  moon  is  in  this  position,  her 
apses  go  backward,  or  rctrugade^ 
and  her  nodes  move  in  anicoa 
deutia. 
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TABLB,  in  Mathematics,  is  a  se- 
ries or  system  of  numbers  melho> 
dically  arranged,  for  the  mure 
ready  calcalation  of  various  prob- 
lems  in  AnnuUieSt  Astronomy,  Tri- 
gonometry, &c. 

Astronomical  Tables,  are  com- 
'putalions  of  the  motions,  positions, 
and  oilier  phenomena  of  the  hea- 
venly bodies  The  oldest  of  these 
kind  of  tables  are  those  given  bv 
Ptolomy  in  his  Almagest,  but  whicn 
are  now  of  little  or  no  use,  ^  they 
no  longer  agree  with  the  motions 
of  the  heavens.  These  tables  were 
corrected  and  republished  in  1258 
by  Alphonso,  king  of  Castile,  and 
were  long  held  in  nigh  estimation. 

Since  the'revival  of  the  sciences 
in  Europe,  and  particularly  since 
the  restoration  of  the  true  system 
of  astronomy  by  Copernicus,  the 
number  of  astronomical  tables  have 
been  continually  increasing,  and 
repeated  observations,  and  a  very 
refined  calculus,  have  now  brought 
them  to  an  astonishing  degree  of 
perfection.  We  cannot,  witnin  the 
limits  of  this  article,  enter  into  a 
minute  detail  of  the  several  im* 

Jirovements  that  have  been  made 
n  this  department  of  astronomy, 
at  the  same  time  we  shall  endea- 
vour to  enumerate  a  few  of  the 
most  important  particulars,  as  also 
a  catalogue  of  those  tables,  which, 
from  their  accuracy  and  arrange- 
ment, are  esteemed  the  most  valu- 
able. 

Copernicus,  after  thirty  years  of 
observation  and  calculation,  pub- 
lished a  new  set  of  Astronomical 
Tables  in  154S,  in  his  celebrated 
work  "  De  Revolutionibus  orbium 
Celestium,"  which  were  republish- 
ed in  1966, 1503,  and  1617.  These 
were  again  corrected  and  improv- 
ed by  the  observations  of  other  as- 
tronomers, and  were  certainly  the 
most  correct  of  any  that  appeared 
before  the  publication  of  the  "  Ru- 
dolphine  Tables,"  the  work  of  Ty- 
cho  and  Kepler ;  these  were  pub- 
lished at  Lintz,  in  Upper  Austria,  in 
1027,  containing  115  pages  of  tables, 
#nd  1.99  of  rules  and  precepts. 
Th^  ■am^  fr«re  afterwards,  viz. 


in  1050,  changed  into  another  form 
by  Maria  Cnnitia,  whose  astrono- 
mical tables,  comprehending  the 
effect  of  Kepler's  physical  hypo- 
thesis, are  very  easy,  satisfying:  all 
the  phenomena  without  the  use  of 
logarithms,  and  with  little  or  no 
trouble  of  calculation ;  and  Mer- 
cator  mkde  a  like  attempt  in  his 
Astronomical  Institution,  publish- 
ed in  1670. 

Beside  these  we  may  enumerate 
the  following,  viz.  Tabulae  motuuni 
Celestiuin,  &c. ;  Auct.  Chr.  Seve- 
rino  Longomontano,  1624,  1640, 
folio. 

Christian!  Reinharti,  Tabulae  As- 
trononiicae,  1630,  4to. 

Philippi  Lansbergii  Tabulas  mo- 
tunm,  «c.  1632,  folio. 

Isma^lis  Bullialdi  Tabulae  Philo- 
laicae,  &c.  1645. 

This  great  and  important  wdrk 
contained  the  most  perfect  obser- 
vations, methods,  and  tables,  that 
had  ever  appeared  prior  to  its  pub- 
lication. 

I.  B.  Ricctoli  8. 1.  TabuloB  Novn 
Astron.  Sec,  1665,  folio. 

There  are  here  102  tables,  form- 
ing a  complete  colleciion  of  all 
those  that  astronomers  have  need 
of  in  their  computations. 

Tabnlc  Lodoicaeae  de  doctrina 
eclipsinm,  &c.  1656. 

Astronomical  Tables  for  the  Me- 
ridian of  London,  by  John  New- 
ton, 1057,  4to. 

Tabularum  Astronomicarum,  &c. 
Ph.  De  La  Hire,  1687,  4to.  1702, 
1725,  1727,  1735. 

Th4toe  tables  were  long  regarded 
as  the  best,  being  superior  to  all 
those  which  had  preceded  them. 

Astronomical  tables  for  comput- 
ing the  Places  of  the  Sun,  Moon, 
Planets,  and  Comets,  by  £dmund 
Hailey ;  London,  1740,  4to. ;  1752 
Sto.;  beside  two  editions  in  French. 
These  tables  were  not  excelled  till 
the  publication  of  Lalande's  tables 
in  1771. 

Besides  the  tables  above  enum^ 
rated,  we  might  mention  many 
others,  as  La  Cailie's  Tables  of  the 
Sun ;  Mayer's  Tables  of  the  Moon, 
published  by  the  Board  of  Longi* 
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tiiile.  TableA  of  the  tame  luminary 
have  al»(i  been  computed  by 
C.imiL'A  MaKon,  whichare  very  ac- 
curate,  being  Uocd  by  the  compu* 
tors  uf  the  Nautical  Almanack. 
Many  other  scU  of  astronomical 
tables  have  also  been  published  by 
various  aAlronomers  and  acade- 
inieH ;  and  divers  sets  of  them  may 
be  found  in  the  several  treatises  of 
astronomy  and  navigation,  ,of 
which,  however,  those  of  Luiande, 
given  in  his  Astronomy,  are  es- 
teemed the  most  perfect ;  the  same, 
with  some  additions,  are  given  by 
Professor  'Vince  in  his  large  work 
on  the  same  subject.  For  a  more 
particular  detail  of  the  several  as- 
tronomical tables,  see  Montucla's 
Hist,  dea  Math.  vol.  iv.  p.  302,  et 

TANOENGIES,  Problem  of.  This 
general  problem  in  geometry  fur- 
nishes the  subject  of  one  of  the 
twelve  treatises  described  by  Pap- 
pus, in  the  preface  to  the  7th  book 
of  his  Matnematical  Collections. 
In  Dr.  Halley's  translation  of  Pap- 
pus the  problem  is  thus  enumerate 
ed:  "E  puActis  reclis  et  circulis, 
qnibuscnnaue  tribas  positione  dati.«, 
circulum  ducere  per  singula  datae 
puncta,  qui,  si  fieri  possit,  contin- 
gat  etium  datas  lineas."  This  is 
naturally  subdivided  into  ten  dis* 
tinct  propositions,  which,  if  a  point 
be  represented  by  (.),  a  line  by  (1), 
and  a  circle  by  (0),  may  be  stated 
very  briefly  according  to  the  seve- 
ral data,  \n  tlie  following  order : 
f . .  1 ).  (.  U ),  (1 10),  (.  10),  (100),  (.  .0), 
(.00),  (000),  (...),  (111). 

The  treatise  on  tangencies  was 
restored  by  Vieta,  under  the  title 
of  Apollonius  Gallus,  and  many  of 
his  deficiencies  were  supplied  by 
Marinas  Ghetaldus.  These  have 
been  translated,  with  the  addition 
of  a  supplement,  by  Mr.  Lawson, 
and  a  farther  addition  of  Fermat's 
Treatise  o,n  Splierical  Tangencies. 
And  Leslie  has  given,  in  liis  Geo- 
metry, solutions  to  all  except  the 
5th,  7th,  and  8ih  of  the  preceding 
ennnieraiion. 

TANGENT,  in  Geometry,  is  a 
line  that  touches  a  circle  or  other 
curve  without  cutting  it. 

A  tangent  touches  a  curve  only 
in  a  geometrical  point,  but  at  thai 
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point  the  direction  of  the  cunrc  li 
the  same  as  that  of  the  tangent. 

In  the  circle,  a  tangent  is  perpen- 
dicular to  the  radius  at  the  plniit 
of  contact ;  also  it  is  a  mean  pro- 
portional between  the  whole  sob* 
tangent  and  the  part  of  it  Without 
the  circle. 

All  tangents  drawn  from  th« 
same  point  to  touch  the  same  cir> 
cle  are  equal  to  each  other.  And, 
therefore,  if  a  number  of  tangents 
be  drawn  to  different  points  of  the 
circle,  and  an  equal  length  be  set 
off  upon  each  of  them  from  the 
points  of  contact,  the  locus  of  all 
the  points  will  be  a  circle  havh^ 
the  same  centre. 

It  is  also  a  cnrions  property  of 
tangents,  that  if  there  be  any  three 
circles  and  tangents  be  drawn 
common  to  each  two,  the  three 
points  of  intersection  will  be  in 
one  and  the  same  straight  line* 

To  draw  a   Temgent  to  a  CireU 
through  a  given  Point, 

1.  When  the  given  point  is  in 
the  circumference  of  the  circle. 
join  the  point  and  the  centre,  and 
draw  perpendicular,  and  it  will  be 
the  tangent  required.  2.  When  the 
point  is  not  in  the  circumference, 
join  the  point  and  the  centre,  ana 
describe  a  semicircle  upon  the 
line  cutting  the  given  circle,  and 
through  the  point  of  section  draw 
the  tangent  required. 

Tangent,  in  Trigonometry,  is  a 
right  line  touching  one  extremity 
of  an  arc,  and  limited  between 
that  point  and  its  intersection  with 
the  secant  passing  through  the 
other  extremity. 

Hence  the  tangents  in  the  Ist  and 
3d  quadrants  are  positive,  in  the  2d 
and  4th  negative,  that  is,  they  are 
drawn  in  an  opposite  direction  to 
the  former.  Also,  the  tangent  of 
0°  is  zero  or  nothing;  but  the  tan- 
gent of  90**  is  infinite,  so  likewise 
the  tangent  of  180^  is  zero,  and  of 
270°  infinite,  &c. 

Tiie  tangent  of  an  arc,  and  the 
tangent  of  its  supplement,  are 
eqnal,  but  affected  with  contrary 
signs ;  the  one  being  positive,  and 
the  other  negative. 

Co-Tangent  of  an  angle,  is  the 
tangent  of  lUe  complement  of  that 
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jAngle;  the  letters  co  being  only  a . 
contraction  of  the  word  comple- 
ment* 

Some  of  the  principal  trigonome- 
trical formula  relating  to  the  tan- 
gents and  CO  tangeiits  of  angles  are 

as  below;  viz* 

1  sin.  ft 

^*^"*  *  ~  Z^Za  "  V  Cl-sin.^a)"" 


cos.  a 


v^(8ec.'a  — 1)= 


sec.  a 


cusec.a 


».  Tana  5  a  «    .  .      * 

5  tan.  a  — 10  tan.  »a  +  tan,  ^a 

~   1  —  10  tan.  «a  +  6  tan.  *a 
&c.  &c. 

10.  Got.     a  =  cot.  a 

cot.  «a— 1 

11.  Cot.  2  g  =     o  ^»r  ^  " 

2  cou  a 

cot.  8a  —  3  cot.  a 

3  cot.  *a  — 1 
cot.*a--6cot.ga+l 

4  cot.  ^a  —  4  cot.  a 
&c. 
sin.  a 


sin.  a  cos. a 


12.  Cot.  8  a  = 

13.  Cot.  4     = 

Sec, 

14.  Tan. )  a  = 


cos,  a  .  sec,  a 

cot.  a 

v^(l  — sin.'a) 

Cot.  a  =  —  = .-„  ,, 

uui.  a  sm.  a 

cos.  a 

"  ^  (1  —  cos.»*  a) 
1 

V  (»««.«  a  — 1) 
being  the  reciprocals  of  the  former. 
All  the  above  formula  are  im- 
mediately deducible  from  the  pre- 
ceding figure  ;  the  following  relat- 
ing to  the  tangent  and  co-tangents 
of  the  sums  and  difference  of  arcs, 
as  also  of  the  multiples  and  sub- 
multiples  of  arcs,  we  have  ex- 
tracted from  Cagnoli's  Treatise  of 
Trigonometry ;  to  which  work  we 
must  refer  the  reader,  who  is  de- 
sirous of  following  their  investiga- 
tions.  See  also  Bonnycastle's  Tri- 
gonometry. 

,    .  »v       ton.  a±tan.  b 

1.  Tan.  («±*)=J^TS;riIa— 6 

2.  Cot.   (a±W  =  ^.^i:±^^ 

^   -^         cot.  *  6  -f  cot.  a 

3.  Tan.  a  .  tan.  6 

COS.  (a  </>  6)  r—  COS.  (a  4-  b) 

cos.  (tf  +  6)  +  cos.  (a  vT  b) 

4.  Cot  a  .  cot  b 

cos.  (a  -f  b)  •{-  COS.  (a  <r  fe). 

COS.  (a  «/>  6)  —  COS.  (a  +  b) 

5.  Tan.     a  =  tan.  a 

_       ^  ft lan. a 

fi.  Tan.  2  a  =  ; — - — -- 
1  —  tan.  *a 

3  tan.  a  —  tan.  % 


1 4-  ct>s.  a 
1  —  cos.  a         ,1  —  co«.  a 

=  V  — ; • 

•^14-  COS.  a 


sni.  a 


IS.  Co-Un;  i  a  = 


sin.  a 


1  —  COS.  a 
1  -+-  COS,  a  __    /  1  -f  COS.  g 


7.  Tan.  3a  =  —  -     ,^      - 

1  —  3  tan.  *a 

8.  Tan.  4  a 

__     4  tan.  <?  —  4  tan.  *a 

"1  —  tf  laii.  ^a  +  tan.  *« 
4S5 


sin.  a  '1  —  COS.  a 

16.  Arc  a  =  tan.  a  —J  Un.  "a  + 

'  tan.  sa  —  1  ton.  ^a,  &c. ;  which, 

when  the  arc  is  45®,  becomes 
arc45»=l-J-f  J-^  +  J-&c. 

radius  being  unity,  to  wliich  we 
may  add  the  following  curious 
property  of  tongents,  viz- 

17.  The  sum  01  the  tangenu  ot 
any  three  arcs  which  are  togethei 
equal  to  300",  is  equal  to  tiie  pro 
duct  of  the  same,  divided  by  ra 
dius  squared. 

We  might  have  carried  these 
formnlfls  to  a  much  greater  extent; 
but  it  is  presumed  that  what  are 
given  include  the  most  useful  cases. 

ilr/(/2cla/ Tanoknts,  a  term  used  ' 
by  some  authors  to  denote  the 
logarithmic  tangents,  in  contradis- 
tinction to  natural  tangents,  or 
the  absolute  tangents  to  any  given 
radius. 

Figure  of  the  Tangknts.    See 

FiGURX. 

Line  of  TAHOXNTt.  See  Gun- 
tkb's  Seale,  \r 

Sub'TAtiGMKT,  the  line  lying 
under  the  tangent ;  or  that  part  of 
the  axis  included  between  the  tan- 
gent and  9rdinate  at  the  point  of 
contact. 

Metliod  of  Ta  ngknts,  is  a  method 
of  drawing  tangents  to  any  alge- 
braical curve,  or  of  detennining 
the  magnitude  of  the  tangent  and 
sub-tongent,  the  equation  to  tlie 
cuivc  being  given. 
2^(3 


MATBEMATlOAt  xilD   ^fiTSlCAL   SCIEVCE. 


The  metbcxl  of  tangents  is  nearly 
related  to  that  of  matHM  ct  mini- 
tma,  and  the  same  aathois,  who  in 
the  early  state  of  algebra  attempt* 
ed  one  of  those  caaeH,  never  failed 
of  touching  also  on  liie  other. 

Hence  we  have  the  ftiethods  of 
Des  Cartes,  Fermat,  Koberval, 
Hadde,  Ac.  We  have  already  ex- 
plained, nnder  the  article  Maxima 
et  MMmtif  the  several  methods  of 
these  aothors  relating  to  that  sub- 
ject, and  as  their  method  of  tan- 
'  gents  differ  in  no  renpect  from  this, 
we  shall  not  repeat  them  in  this 
place,  but  merely  explain  the 
principle  which  led  to  so  intimate 
a  connection  between  the  two  pro- 
blems. 

Ves  Cartes'  Method  of  Tangents. 
^-It  has  been  shown  under  the 
article  above  referred  to,  that  Des 
Cartes'  method  of  maxima  and 
minima  depended  upon  his  mak- 
ing two  roots  of  his  equation  equal 
to  each  other,  and  the  same  prin- 
ciple led  him  also  to  the  solution 
of  his  problem  of  tangents. 

Let  as  conceive,  for  example,  a 
enrve  described  on  an  axis ;  and 
from  any  point  in  this  axis  as  a 
centre,  let  there  be  described  a 
circle,  which  shall  cut  the  curve 
at  least  in 'two  points,  from  which 
draw  two  ordinate,  and  which 
will  therefore  be  necessarily  com- 
mon both  to  the  circle  and  curve ; 
let  us  now  imagine  the  radius  of 
this  circle  to  decrease,  while  its 
centre  remains  fixed ;  and  it  ib  ob- 
vious, that  thus  the  two  points  of 
intersection  will  approach  each 
other,  and  finally  coincide,  in 
which  case  Ihe  circle  will  touch 
the  curve  in  the  point  E,  and  the 
tangent  at  that  point  will  be  com- 
mon  to  both,  and  perpendicular  to 
the  radius  of  the  circle  at  that 
point.  Thus  the  problem  of  deter- 
mining the  ^fngent  to  a  curve,  is 
reduced  to  finding  the  position  of 
the  perpendicular  to  the  curve, 
drawn  from  any  point  in  its  axis. 

In  order  to  which  Des  Cartes 
sought,  in  a  general  manner,  the 
points  of  intersection  in  the  curve, 
made  by  &  circle  described  witli 
a  given  radius  from  a  given  point 
in  the  axis.  He  thus  arrived  at  an 
.equation,  which  in  the  case  of  two 
intersections  ought  to  contain  two 
460 


unequal  roots,  expressing  the  dls> 
tance  of  the  twfi  ord  mates  fmm 
the  vertex  of  the  curve.  Bot 
when  the  two  points  of  intersec- 
tion were  united  in  one,  as  in  the 
case  of  the  circle  touching  the 
curve ;  then  the  two  roots  of  the 
equation  were  necessarily  equal  to 
each  other.  His  object,  therefore, 
was  in  the  equation  first  obtained, 
and  of  which  the  co-effieients  were 
indeterminate,  to  give  them  such 
values  that  the  two  root*  should 
be  equal ;  for  which  purpose  he 
compared  the  proposed  equation 
with  an  equation  of  the  same  de- 
gree having  two  equal  roots;  and 
hence  by  equating  the  co-efficients, 
obtained  the  value  of  those  in  his 
first  equation. 

In  ordier  to  lllnstrate  this,  let  the 
curve  be  a  parabola,  and  let  a  cir- 
cle be  drawn.  Make  one  abscessa 
=  a,  another  and  less  one  =  x,  the 
radius  >=  r,  then  the  difference  of 
the  abscessa  =  a  —  x.  Now  since 
the  ordinate  belongs  to  the  circle^ 
we  have  ^  =  r«  —  difference  of 
abscessa  «—  r«  —  (a  —  x)8  =  r*  — 
efi-\r^ax — ifl i  but  the  same  ordi- 
nate belonging  also  to  the  para- 
bola, we  have  from  the  known 
EropKBrty  of  that  curve  ««  =  jix,  f 
eing  the  parameter  :  therefore  r' 
—  tf*+  tax  —  aft  =  px,  or  ar'- 
Cjy— 2a)x-f  (<i«— f«)=0;  which 
being  an  equation  of  the  second 
degree,  must  necessarily  have  two 
roots  or  values  of  ar,  answering  to 
the  two  abscisses,  for  we  shoula 
arrive  at  the  same  conclusion  if 
our  equation  had  been  deduced 
with  reference  to  the  point  b  ;  and 
it  is  obvious  that  these  roots  de- 
pend entirely  upon  the  relation  of 
the  co-efficients  p  —  2  a  and  a*  — 
r*,  or  upon  ,the  ratio  of  the  quan- 
tities fl,  p,  and  Vy  to  each  other ; 
and  consequently  such  values  may 
be  given  to  these  quantities,  that 
the  two  values  oi  x  may  be  equal. 
Now  to  find  this  ratio,  Des  Cartes 
formed  an  equation  of  the  second 
degree  having  two  equal  roots,  as 
3ft  -  2e  X  4-  e'*  =  0 ;  viz.  {x  —  e) 
(x  —  c)  =  0,  and  comparing  this 
wiih  that  found  above,  he  obtained 
the  equation  x  —  o=  CD,  =  4p, 
=  0;  which  sliows  that  in  the  {pa- 
rabola, the  subnormal  is.oqual  to 
half  the  parameter  i  whence  it  also 
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^an^enit. 


^^'^VariOmie  JS^al 
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Ibllowf,  that  the  mil>-tfliigent  is 
equal  to  doable  the  abscissi  which 
is  the  known  property  of  the  curve. 

Besides  this  method  of  tangents, 
Des  Cartes  proposed  another,  a 
'  little  different  from  it  Iq  practice, 
though  the  same  in  principle, 
vliich  was  as  follows:,  he  con- 
ceived a  right  line  to  revolve 
about  a  Hxed  point  m  the  ax\s  of 
the  curve  pn-dnctd,  which  at 
first  should  cut  the  curve  iu  a  cer- 
tain numbei  of  points ;  but  by  its 
revolution,  these  points  of  inter- 
sections approaching  each  other 
would  finally  coincide,  and  thus 
the  revolving  line  become  a  tan- 
gent to  the  curve.  For  this  par'> 
pose  he  also  first  obtained  the  gC' 
neral  equation,  which  he  equated 
with  one  having  two  equal  roots* 
and  thus  determined  the  several 
relations  of  his  indeterminate  co- 
efficients exactly  as  in  the  case 
above  given. 

FermaVs  Method  of  Tangents. — 
It  will  be  found  by  comparing  the 
above  method  of  tangents  of  Des 
Cartes',  with  that  of  the  maxima  et 
minima,  that  the  two  uliimuteiy 
depend  upon  the  same  principle, 
fn%»  of  making  two  roots  of  ihe 
equation  equal  to  each  other  ;  and 
the  coincidence  of  Fermat's  me- 
thods for  these  two  problems  is 
still  more  obvious;  in  fact,  he 
scarcely  treats  of  them  as  distinct 
cases,  but  refers  immediately  for 
the  solution  of  the  case  of  tangents 
to  that  of  his  maxima  et  mittima* 

Bamn^s  Method  of  Tangents.— 
It  is  obvious  from  what  is  said 
above,  and  what  has  been  stated 
under  the  article  Maxima  et  Mi- 
nima, that  both  the  methods  of 
tangents  and  oi maxima  et  minima, 
as  well  by  Des  Cartes  as  by  Fer- 
mat,  and  particularly  those  of  the 
latter,  were  very  nearly  related 
to  the  present  fluxional  way  of 
considering  the  same  subjects; 
hut  with  regard  to  Ungents,  a  still 
nearer  approach  was  made  by  Dr. 
Barrow.  This  accurate  geome. 
Utr  considered  the  little  triangle 
formed  by  the  difference  of  the 
two  ordinates,  their  di&Unce,  and 
the  infinitely  small  part  of  the 
curve,  as  similar  to  that  which  is 
formed  by  the  ordinate,  the  tan- 
aeiit,  and   sub-Ungcnt.    He   thcQi 

4Br 


sought,  by  the  equation  of  the 
curve,  the  ratio  of  the  two  sides  of 
(his  triangle,  when  the  difference 
of  the  ordinates  is  infinitely  little ; 
then  said,  as  the  one  of  their  sides 
to  the  other,  so  is  the  ordinate  to 
the  sub-tangent  required. 

In  the  case  of  the  parabola,  for 
example,  whose  equation  is  yV= 
pxi  supposing  P^  the  increase  of 
the  ordinate  =  e,  and  the  corres- 
ponding increase  ab  ofjf=a;  then 
the  equation  for  the  ordinate  pb 
becomes 

f^2a  if+tfi=p  x-\-p  e, 
subtracting! 

from  both  >  y^  ap  x 

sides  3 

remains  2  a  y-\-al*z=zp  e 

also,  a  being  itself  infinitely  small, 
its  square  a^  may  be  entirely  neg- 
lected, and  there  results  S  ay  = 
pes  therefore  a  :  e::  p  :2yj!  but 
a=zba,  and  e  =  Ba,  also  y  =  y/ 
pxj  therefore,  from  the  proposi- 
tion stated  above,  Piz, 

ab:aB'.:  ordiu. :  subian.  we  have, 
Mp:%^px  ::y/px:2x,ih9  tub' 
tangent  required. 

Inverse   Method   of    Tangkkts 
This   is  the   reverse   of  the   fore- 
gomg,  and  consists  in   finding  the 
nature   of  the  curve    that  has   a 
{iven  snl>-tangent. 

The  method  of  solntion  is  to  put 
the  given    mib-tangent    equal   to 

the  general  expression  ^,  which 

y 
serves  for  every  kind  of  curve; 
then  the  equation  being  reduced 
and   the  fluents   taken,    give  the 
curve  sought. 
Thus,  for  example,  to  find  the 

curve  whose  snbtaogent  is=-^ 

a 

_      2j/»      yi.,         .    . 
Here  —  =  —  J  hence  2yy=ax, 
a  y 

and  the  fluent  of  this  gives  |^=a  x, 
the    equation    to  the     parabola ; 
which  is,  therefore,  the  curve  re- 
quired. 
To  find  the  curve  wHoee  sub- 


tangent  is 


y" 


2a— X 


_^ y* 


Here  making  -^ =  V-5  we 

Jta — X       y 

have  y  y  =:  '  (2  a  —or) ;  the  fluent 
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Mrm 


ef  wtikh  fIvM  «*=:Mr— It*,  the 
«qa«tion  to  the  eirele. 

JB9  Fkurtm9.Snppot9  the  enrve 
to  be  ▲  M ,  (pUte  Tkngentt,  fig.  10 
its  Azit.  A  P ;  lis  coordinate*  A  P 
and  PM;  it  it  evident  tUat  to 
draw  a  tabf  ent  to  the  point  M,  we 
have  only  io  detenoine  the  tub- 
tanf ent  PT. 

Iict  n»  imagine  the  are  Mm  to  be 
Infliiitcly  tmall*  draw  the  ordinate 
mp,  inftoitely  nrar  to  A  P,  and 
Mppoee  Mrjparaliel  to  Fp,  Let, 
as  osual,  A  P  =  x,  P  M  =  9,  and 

we  shall  have  Vp,  or  Ursszx, 

fs  and  by  similar  trianeles 
,  T  P  M  we  have  mr  :  r  II  » 

MPzPTory:c*f.l  f  *¥^. 

9 
Conteqnently  we   have   only  to 
throw  the  equation  of  the  curve 
Into  flaxlons,  in  order  to  obtain  the 

value  of  T  *  <^^  then  to  sabsiitnle 

this  valoe  in  the  formala  for  the 
SDbtangent  jnst  found,  and  PT  will 
be  determined. 

The  cxpresdon  for  the  tangent 
IITisV(Jf«  +  ?^)  =  ?. 

V(^  +  ^);  that  of  the  sahaormal 
PN  is  ^ ,  or  !?;  the  normal  MN 

9 
■-  r^(jfi4.ya).  And  if  through 

the  point  A  we  draw  the  line  AQ 
parallel  to  M  P,  we  shall  have  V  f : 

AT=MP:AQ,  thatis^.??- 
ar=jr:AQ  =  9~- «''   These  va- 

X 

lues  of  AQ  and  AT  enable  ns  to 
find  thie  asymptotes  of  the  curve 
A  M  if  it  have  any ;  for  if,  after 
having  substituted  in  these  two 

values  that  of  t*  obtained  from  the 

X 

^equation  of  the  curve,  we  suppose 
X  infinite,  there  will  be  as  many 
asymptotes  as  there  are  different 
values  of  the  Hues  AQ  and  AT. 


Th«|MMitloii«f  ihci 
always  b«  datWMte 
Taad  Q,    W«  ihall  sow  Mfly 
these  ftirmnlft  to  « ttw  cnmMiii 
The  eqiiatkMi  of  the  etoHe  li 

l^s=«f — c*t  thenlbniff  SB— Ok 

and  C'  or  the  mbuuDiieBt  =s  Il£ 

J  * 

s(£z2S.   Theaiga^liidieaai 

e 
that  the  tebtaDgeat  mut  be  talEea 
hi  the  same  dhreetipo  ae  the  ah> 
scissi^  beoanse  in  the  conetrecliMi 
of  the  formula  it  was  tmkmn  in  a 
centrary  direction.  If  we  hei 
taken  the  vertex  of  the  curve  lor 
the  origin  of  the  abeeiaanB,  the  ooMk 
tion  would  have  been  jT'ssfes 
— «r.  and  this  woeld  hav«  g|veaa 
pOMitive  result  as  in  the  furmnla. 
The  equation  9*  ss  s^  —  .a^  gives 

?  or  the  sabnormal  ss  -»  x  /  and 

the  normal  s  ^  (^  +  ^flJ^!  =  V 

(4^  •)- 1^  as  «  3=  the  rediua,  as  it 
evidently  should  be. 
In  the  parabola  i^ss  jMT/  theie> 

fore  S'  s  4  j»,  the  tabnonma ;  and 

• 

zf.,  or  the  stihtangent 
9 


6» 


Jn  the  hyperbola  y"  =s  ^  (2a« 
+  XX)  i  therefore  ??= -^  X  (a-J-x); 


a* 


and*:: 


9X 


y      6*(a-i-x)         o  +  jr 
We  have  also  A  T  Csee  pretxding 


JlgureJ  = 


«x 


an    expression 


a-{'X 

which  is  reduced  the  quantity  «, 
if  we  suppose  x  infinite.  On  the 
same  supposition  we  find  that  AQ 

xtf  b^x 

=.y-^  =  y--j-^    («  +  ,)  = 

L     ,      ),  becomes  simply  =s  b. 


T  A  N—T  A  M 


Thesd  tW6  viilaeft  of  AT  and  AQ 
give  the  positiofi  of  the  asymptotes 
the  same  as  we  found  ih  article 
(49)  conic  sections, 
la   the  logarithmic   carve,  we 

*       Ay 
hava  r  =  A  log  y,  and  x  =  — ~  • 


the  flnxional  triangle  formed -by 
drawing  sn  ordinate  indefinitely, 
near  to  M  P.  (We  employ  —  y, 
becaase  y  diminishes,  as  x  aug- 
ments.) 

Therefore  O  T  = 


V  X 

Therefore  =^- 


A.    Consequently 


its  subtangent  is  always  equal  to 
the  modulus. 

Let  there  be  any  curve  BOC 
fig4  3,  with  another  curve  BMA, 
such,  that  if  we  prolong  the  ordi- 
nates  O  P  of  the  first  till  they  meet 
with  the  second  curve,  the  line 
MO  mav  be  some  function  of  arc 
B  0 ;  it  Is  proposed  to  draw  through 
the  given  point  M  the  tangent  M  T. 

Conceive  the  ordinate  mp  inde- 
finitely near  to  M  P,  and  VCr  pa- 
rallel to  the  tangent  at  the  point  O ; 
if  we  make  the  arc  B  O  =  z,  M  O 

n-  u,  we  shall  have  mr  =  u,rlA 

=sOo==x,  and  u:  iss  u  :  OT  s= 

'T-  •    Now  tt  being  a  fanction  of  m, 


we   shall  have  -7  by  taking  the 

II 
daxions  of  the  equation  which  ex- 
presses the  given  relation;  and 
consequently  T  O,  or  the  point  T 
will  be  determined,  whence  it  will 
be  easy  td  draw  the  tangent  If  T. 
Suppose,  for  example,  that  u  ss 

•-«,  we  shall  have«»=  — «   and 

OT  =  iya>  arc  BO.  ifBOGisa 
circular  arc,  then  A  M  B,  is  a  cy- 
cloid, and  this  construction  is  the 
same  as  we  have  already  given. 

In  the    quadratrix,  if  we  com* 
pute  the  abscisse  from  the  centre, 

we  hare  y  =  —  cot  — !   therefore 
a         fl  > 


CXX         X 

^— cot 

ex     a 


8in«  ~ 
a 


ex 

»;  and  adding  to  each  side  C  O 

a 

=  P  M  =  y  =  —  cot  — ,  we  shall 


a 


have  CT 


exx 


=  Z.  CM« 
ex      ua 


X  ^  ^ex         CXX 
V  =  —  tot  —  —   ■  I  ■    ■ 
^       a         a       ..  „  ex. 


and?' 


X      ^cx 

tx  —  cot  — 

a         a 


sin«  Ml-  « 

a 

S51^.  But  ^  '4 


Bin« 


ex 
a 


=  0  T,  as  may  be  proved  by  the 
two  similar  triangles  MOT,  and 
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»in«  — 
a 

When  fig.  3.  C  M  =  C  T,  or  at 
the  point  D,  we  have,  as  before 

•  aa 

explained,  the  base  C  D  =  —  and 

consequently  CT=  tttt*  We  must 

therefore  take  CT  a  tiiird  propor- 
tional to  the  base  C  D  and  the  ra- 
dius CM;  this  will  give  the  point 
T,  through  which  and  through  the 
point  M  if  we  draw  the  line  MT,  it 
will  be  the  tangent  required. 

To  draw  tangents  to  spirals,  we 
must  resolve  the  following  pro- 
blem. Let  there  be  described  a 
circle  with  any  radios  C  A  fig.  4, 
and  let  there  be  a  curve  C  K  M 
such,  that  drawing  the  radius  CMN, 
the  line  C  M  may  be  any  function 
of  the  arc  A  B  N,  it  is  required  to 
draw  through  the  given  point  H 
the  tangent  MT. 

Conceive  the  two  radii  CMN, 
Cmn  indefinitely  near  to  each 
other,  and  the  little  arc  Mr  de< 
scribed  from  the  centre  C,  and 
with  the  radius  CM;  and  tlien 
draw  CT  perpendicular  to>C  M. 

This  done,  let  C  M  =  y,  A  B  N  =: 
«,  C  A  =:  a;  we  shall  then  have 

CA  :CM  =  Nn  :  Mr 

. 

.  y  X 

or»  a    :    y   =:   x   :  M  r = — , 

a 

and  again, 

rm    :  Mr  =  CM:€T 

or  y:  2L::  =  y  :  CT=  ^—r, 
*  fly 

For  example,  let  y  =  — ,  then 

•  ar 

G  KM  will  be  the  spiral  of  Archi* 


If  &TBSHATICAI.  AKB 


before  foBnd  It.  ' 

In  the  latiriUimle  iplnl  (fl|.  S), 
ill  whiEh  itie  wiile  CNTU  edr- 

indcAiXlely    iirar    (uerther, '  ai:d 
t:H=^i.  CN^a;  ■ndmoikin^Dii 


■d  palm 


t  ••{  llie 


or,«i  i  =  j>:Mr=  -. 

ha  I  =UD.  M>H-,ve  ihiillb»e 

Ihfrefon!  Ii«.  »  =  ^,  or  -i  +  « 

-^,  l>  theuneu  chit  of  log,  :3 


Theie  eximplei  will  enable  th> 
Lurirni  ID  draw  innfenti  to  aU 
Drifl  of  curveB,  whether  gcninelrt- 

TANTALUS'*   CVf.  Id  ffrina- 


The  bended  >i|ihon  li  called  Tu- 

iigeVrepKHKLiiiE   Tuulu  In 
I  rible,  fixed  up'n  thg  mtddk 

In  llll  body,  beglnnlna  ill  the  bot 
iDin  of  hit  feel,  and  ucciidinc  w 
ibe  upper  paniirhubreaai,  wbii* 
il  makes  a  lurn  and  deicewb 
Ihraaih  ihE  otber  !*■  on  whlth 
^e3tand9,  and  Ifaenae  down  chrougb 


TAURUS,  the  Bull,  one  of  tfaa 
.welve  Blgni  of  tUe  sodfac,  denoted 
.y  U.e  charocicr  fl. 

lAirroCHRONB,  a  term  tome. 
ini«  apylitd  to  a  cyciliM  with  .e- 

TATLOR'i  TliHiraii,  Inlhehlgher 

Tnd  fe'nJ]c''VunnDla,e>''e<>  by^Dr. 
"rook  ^ylor,  In  cot.  s,  prop.  7t  P- 
3,  of  hii  Method  of  Incremenu. 


T  A  Y- 

then  while  x  by  flowing  nni/oiinly 
is  increased  by  x,  %  will  be  increas- 


ed by  »+,-^+ 


4-  &c.  in 

which  the  value  of  x,  z,  &c.  are  to 
be  determined  from  the  given 
equation. 

For  the  convenience  of  demon- 
stration the  theorem  may  be  thus 
expressed : 

If  z  and  X  be  cotemporaneous 
values  of  two  quantities  any  how 

related,  and  ^  and  i  =  fluxion  of 
X,  cotemporaneous  increments  of 
which  X  is  uniformly  generated ; 
then  will 


•.••r:rr:^+*«-  when  this  se. 
ries  terminates  or  converges. 
Demonstration. 

,be    co- 
tempo- 
raneous 
values 
lofjrand 


Letar^+*,a;+2x ar+x 


be  differ- 
ences of 
the     re- 
spective 
orders. 
Then,  by  the   theorem  for  dif- 
ferences, 

,  ,  «•  f«  —  1)  1   . 


Let  also  a. «/, «", «'",  &c. 
b,bl,bii,&c, 
c,  c",  &c. 


»i(rt--l)(tt--2) 


1.% 

,    .  «  <?  +  *c»  where  n 

1  .i  .3 

is  the  number  of  successive  values 
from  :r  to  or  4-  '»  or  from  z  to  a:  -4-  «• 
Now,  if  n  be  increased  sine  limiiet 
any  assigned  number  of  terms  ot 
this  quantity  approaches  to  the 
same  number  of  terms  in  the  series, 

limit ;  or,  because  n  =  — t  to    its 

X 

equals+-x  +  j^>—  +&c. 

But  when  n  is  so  increased  the  li- 
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mitiiig  ratio  of  a  to  x,  or  the  lir 

miting  ratio  of  the  increments  of  % 
and  X  is  the  ratio  of  the  fluxions  6f 
z  and  X,  and  it  follows  therefore 
that  when  n  is  increased  sine  l^ 

• 

a       M 
mite,  the  limiting  value  of  —  =  »r* 

Also,  for  the  same  reason  —  =  — 9 

•  XX 

c      b 

-  =  -  J  &c.     Whence  the 

X 

r  •* 

o         a       'z 
lim.  val.  of  —  =  -r—  =  — - - 


XX 


t  a       z 

because  — =s  — 

X  X 


or£  = 


b        z 
because  -^  =  t  &c.  &c. 

Whence  the  limiting  value  of  s  -|- 

^        \.%  1.2.3 

-f  &c.  when  n  is  increased  ilne  U- 

mite  is  «  +^  +  j-^  +  &c. 

And  bedahse  when  the  former 
series  terminates  its  value  is  z  -f*  ' » 
and  when  it  converges  its  limit  is 
also  z-\-  z;  therefore  z  -\-  z=.z  ^ 

•  m 

9  •« 

—  -f  —-  -f  &c.  when  the  series 

terminates  or  converges.  When 
it  does  not  converge  nothing  can 
be  asserted  of  it,  because  we  can* 
not  reason  concerning  a  limit 
which  does  not  exist. 

The  above  demonstration  is  by 
Dr.'  Brinkley.  Other  demonstra- 
tions may  be  seen  at  r.  25,  Calculi 
Differential,  &c.  par  Lacroix,  and 
a  synthetical  one  in  the  works  of 
Frisi ;  but  that  given  by  L'Huilier 
in  his  "  Principiorum  Calculi,"  &c. 
is  considered  the  most  complete. 

Taylor's  theorem  fliay  be  more 
generally  expressed :  for  if  s  be  a 
quantity  composed  of  two  or  more 
independent  quantities  x,  y,  f,  &c. 
then  while  x,  y,  v,  &c.  by  flowing 
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«iilfonnly,  become  «  +'» jr  +  |f| 
ft -\- 9,  Sic  Mmiilbecoum,  9  +  — 

i.a 

See  the  same  alu)  in  another 
form,  under  Ihcrkxivts,  art.  4* 

For  the  one  of  this  theorem  in 
finding  fluxions  jTer  saltumt  in  ap- 
proximating to  the  roots  of  cqna- 
tions,  &c.  see  an  ingenious  paper 
by  Dr.  Brinkley  in  the  seventh 
Tolume  of  the  Transactions  of  the 
Irish  Academy.  And  for  an  ex- 
planation of  the  cases  in  which 
the  theorem  is  defective,  and  for 
the  determination  of  iu  limits,  see 
Francoeur,  Matheniatiques  Pares, 
torn.  ii.  p.  243,  SM. 

TEBET,  or  Thevet,  the  fourth 
month  of  the  civil  year  of  the  He. 
brews,  answering  to  part  of  our 
months,  December  and  January* 

TEBTH,  in  Mechanics,  are  cer. 
tain  projections  on  the  extreme 
parts  of  wheels,  and  by  means  of 
which  motion  is  communicated  to 
the  different  parts  of  a  machine. 

Emerson,  in  his  Mechanics,  prop. 
t5,  treats  of  the  theory  of  teeth, 
•ix.  of  their  form,  action,  &c. 
maintaining  that  they  ought  to 
have  the  figure  of  epicycloids,  for 
properly  working  one  within  the 
other,  as  was  originally  proposed 
by  De  la  Hire,  who  affirmed  that 
the  pressure  would  be  uniform  if 
the  teeth  were  formed  into  epicy- 
cloids; and  Camus,  in  his  Course 
of  Mathematics,  has  pursued  the 
same  principle,  and  applied  it  to 
the  various  cases  tliat  are  likely 
to  arise  in  practice.  The  construc- 
tion, however,  is  subject  to  a  limi* 
tation  ;  on  which  account  a  se- 
cond method  has  been  proposed, 
which  secures  the  perfect  uni- 
formity of  action  without  any  such 
limitation.  This  metiiod  consists 
in  making  both  teeth  portions  of 

TELEGRAPH,  is  a  name  very 
properly  given  to  an  instrument,  by 
means  of  which  information  may 
be  conveyed  with  the  greatest  ex- 
pedition, froiA  almost  any  distance. 

It  has  been  said  that  the  ancients 
were  in  possession  of  certain  me- 
thods of  convepring  intelligence  to 
considerable  distaaces,  auJd  some 
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parts  of  a  Greek  pl«y  m«m  to 
countenance  the  seppoaatioii.  What- 
ever perfection,  however,  the  aa* 
cients  might  have  attained  in  thi» 
respect,  it  waa  certainly  loit  tothe 
moderns,  and,  therefore,  the  pre- 
sent telegraphs  may  be  eooaidend 
as  totally  a  modern  inventioa,  of 
which  the  first  hint  is  given  by  the 
Marqais  of  Worcester  in  his  Ceo- 
tary  of  Inventions,  published  UM. 

The  next  sketch  we  have  on  this 
subject  was  eomautnicated  to  the 
Royal  Society  by  Or.  Hooke.  ia 
1084. 

In  this  discourse  he  astorts  the 
possibility  of  conveying  intelli' 
gence  from  one  place  to  another 
at  the  disunce  of  SO,  40,  IM,  JM, 
&c.  miles,  "  in  as  short  a  time 
almost  as  a  man  can  write  what 
he  would  have  sent."  He  takes 
to  his  aid  the  then  recent  inven- 
tion of  the  telescope,  and  explaies 
the  method  by  which  characteis 
exposed  at  one  station  may  be 
rendered  plain  and  distingaishable 
at  the  others.  He  directs,  '*  firtf^ 
for  the  stations;  if  they  be  fiur 
distant,  it  will  be  necessary  that 
they  should  be  high,  and  lie  ex- 
posed to  the  sky,  that  there  be  na 
higher  hill,  or  part  of  the  earth 
beyond  them,  tnat  may  binder 
the  distinctness  of  the  characters 
that  are  to  appear  dark,  the  sky 
beyond  them  appearing  white  :  by 
which  means  also  the  thick  and 
vaporous  air  near  the  ground  will 
be  passed  over  and  avoided." 
"  Next,  the  height  of  the  stations 
is  advautat^eous,  upon  tlic  account 
of  the  refractions  or  inflections  of 
the  air."  *'  Next,  in  choosing  of 
these  stations,  care  must  be  taken, 
as  near  as  muy  be,  iliat  tliere  be 
no  hill  that  interposes  between 
them,  that  is  almost  high  enough 
to  loucti  the  visible  ray  ;  because 
in  such  cases,  the  refraction  of 
the  air  of  that  hill  will  be  very 
apt  to  disturb  tlie  clear  appearance 
of  the  object."  "  The  next  thing 
to  be  considered  is,  what  tele- 
scopes will  be  necessary  for  such 
stations."  **  One  of  these  tele- 
scopes must  be  fixed  at  each  ex- 
treme station,  and  two  of  them  in 
each  intermediate  one ;  that  a  man 
for  each  glass,  sitting  and  looking 
through  them,  may  plainly   dis- 
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cover  what  is  done  in  the  next 
adjoining  station,  and  with  his  p^n 
write  down  on  paper  the  charac- 
ters there  exposed  in  their  due 
order ;  there  ought,  therefore,  to  be 
two  persons  at  each  exti'eme  sta- 
tion, and  three  at  each  interme- 
diate  one;  so  that,  at  the  same 
time,  intelligence  may  be  con- 
veyed forwards  and  backwards. 
l<Iext,  there  must  be  certain  times 
agreed  on,'  when  the  correspond- 
ents are  to  expect;  or  else  there 
must  be  set  at  tne  top  of  the  pole, 
in  the  morning,  tlie  hour  appointed 
by  either  of  the  correspondents, 
for  acting  that  day  ;  if  tlie  hour  be 
appointed,  pendulum  clocks  may 
adjust  the  moment  of  expectation 
and  observing.'*  "  Next,  there 
must  be  a  convenient  apparatus  of 
characters,  whereby  to  communi- 
cate any  thing  with  great  ease, 
distinctness,  and  secrecy.  And 
there  must  be  either  day  charac- 
ters, or  night  characters."  The 
day  characters  "  may  all  be  made 
of  three  sHt  deals:"  the  night  cha- 
racters ^  may  be  made  with  links, 
or  other  lights,  disposed  in  a  cer- 
tain Older."  The  doctor  invented 
S4  umple  characters,  each  consti- 
tuted of  right  lines,  for  the  letters 
of  the  alphabet ;  and  several  single 
ckaraoterR,  made  up  of  semicir- 
cles, for  whole  sentences.  He  re- 
commended that  three  very  long 
masts  or  poles  should  be  placed 
vertically,  and  joined  at  top  by 
one  strong  horizontal  beam  ;  that 
a  large  screen  should  be  placed  at 
one  of  tlie  upper  corners  of  this 
frame,  behind  which  all  the  deal 
board  characters  should  banc,  and 
by  the  help  of  proper  cords  should 
quickly  he  drawn  forwards  to  be 
exposed,  and  tlien  drawn  back 
again  behind  the  screen.  By  these 
means,  says  the  docto}-,  *'  all  things 
may  be  made  so  convenient  that, 
the  same  character  may  be  8«;en 
at  Paris,  within  a  minute  after  it 
hath  been  exposed  at  London,  and 
the  like  in  proportion  for  greater 
distances ;  and  that  the  chai  acters 
may  be  exposed  so  quick  after  one 
another,  that  a  composer  shall  not 
much  exceed  the  exposer  in  swift- 
ness." Among  the  uses  of  this 
contrivance,  the  inventor  specifies 
these  :  **  The  first  is  for  cities  or 
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towns  besieged;  and  tlie  second 
for  ships  upon  the  sea;  in  both 
which  cases  it  may  be  practise«l 
withfgreat  certainty,  security,  and 
expedition."  The  whole  of  Dr. 
Hooke's  paper  was  published  in 
Derham's  collection  of  his  Expe- 
riments and  Observations ;  from 
which  it  appears  that  he  had 
brought  the  telegraph  to  a  state  of 
far  greater  maturity  and  perfection 
than  M.Amonton's,  who  attempted 
the  same  thing  about  the  year  1702 ; 
and,  indeed,  to  a  state  but  littU 
inferiorto  several  which  have  been 
propbsed  during  the  last  twenij 
years. 

It  was  not,  however,'  till  the 
French  revolution  that  the  tel,e- 
graph  was  applied  to  useful  pur- 
poses. Whether  M.  Chappe,  who 
is  said  to  have  invented  the  tele- 
graph first  used  by  the  French 
about  the  end  of  1793,  knew  any 
thing  of  Hookers  or  of  Amonton's 
invention  or  not,  it  is  impossible 
to  say ;  but  his  telegraph  was  con- 
structed on  principles  nearly  simi- 
lar. The  manner  of  using  this 
telegraph  was  as  follows :  At  the 
first  station,  which  was  (m  the  roof 
of  the  palace  of  the  Louvre  at 
Paris,  M.  Chappe,  the  inventor, 
received  in  writnig  from  the  Com- 
mitteof  Public  Welfare,  the  words 
to  be  sent  to  Lisle,  near  which  tli# 
French  army  at  that  time  was. 
An  upright  post  was  erected  on 
the  Louvre,  at  the  lop  of  which 
were  two  transverse  arms,  move- 
able in  all  directions  by  a  single 
piece  of  mechanism,  and  with  in- 
cnuceivable  rapidity.  He  invent- 
ed a  number  of  positions  for  these 
arms,  which  stood  as  signs  for  the 
letters  of  the  alphabet ;  and  these, 
for  the  greater  celerity  and  sim- 
plicity, he  reduced  in  number  9S 
much  as  possible.  The  gramma- 
rian will  easily  conceive  that  six- 
teen signs  may  amply  supply  all 
the  letters  of  the  alphabet,  since 
some  letters  may  be  omitted  not 
only  without  detiisieut  but  with 
advantage.  These  signs,  as  they 
were  arbitrary,  could  be  changed 
every  week ;  so  that  the  sign  of  B 
for  one  day,  might  be  the  sii:n  of 
M  the  next;  and  it  was  only  ne- 
cessary that  the  persons  at  the 
e&ureiuities  should  know  the  key. 
2  T 
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The  intermediate  operators  were 
only  instructed  generally  in  tliese 
sixteen  signals;  wtiich  were  so 
distinct,  so  marked,  so  diflterent 
tlie  one  from  the  other,  that  they 
were  easily  remembered. 

The  construction  of  the  machine 
was  such,  that  each  signal  was 
uniformly  given  in  precisely  the 
same  manner  at  all  times:  it  did 
not  depend  on  th^  operator's 
manual  skill ;  and  the  position  of 
the  arm  conld  never,  for  any  one 
signal,  be  a  degree  higher  or  a  de- 
gree lower,  its  movement  being  re- 
gulated mechanically*  M.  Ghappe 
iiaving  received  at  tne  Louvre  the 
sentence  to  be  conveyed,  gave  a 
known  signal  to  the  second  station, 
which  was  at  Mon^Martre,  to  pre> 
pare.  At  each  station  there  was  a 
watch  tower,  where  telescf^pes 
were  dxcd,  and  the  ]>er8on  on 
watch  gave  the  signal  of  prepara- 
tion wliich  he  had  received,  and 
this  communicated  saccessively 
through  all  the  line,  which  brought 
them  all  into  a  state  of  readiness. 
The  person  at  Munt  Martre  then 
received,  letter  by  letter,  the  sen- 
tence from  the  Louvre,  whicli  he 
repeated  with  his  own  machine; 
and  this  was  again  repeated  from 
the  next  height,  witli  inconceiv- 
able rapidity,  to  the  final  station 
at  Lisle. 

Various  experiments  were  in 
consequence  tried  upon  telegraphs 
in  this  country  ;  and  one  was  8(m>ii 
after  set  up  by  government,  in  a 
chain  of  stations  from  the  Ad- 
miralty-office to  the  sea-cnast.  It 
consists  of  six  octagon  boards,  each 
of  which  is  poised  upon  an  axis  in 
a  frame,  in  such  a  manner  that  it 
can  be  either  placed  veriically,  so 
as  to  appear  with  its  full  size  to 
the  observer  at  the  nearest  stntion, 
or  it  becomes  invisible  to  him  by 
being  placed  horizontally,  so  that 
the  narrow  edge  alone  is  exposed, 
which  narrow  edge  is  from  a  dis- 
tance invisible.  Six  boards  make 
thirty-six  changes,  by  the  most 
plain  and  simple  mode  of  working ; 
and  they  will  make  many  more  if 
more  were  necessary  :  but  as  the 
real  superiority  of  the  telegraph 
over  all  other  modes  of  making 
signals  consists  in  its  making  let- 
ters, we  do  not  think  that  more 
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changes  than  the  letten  of  the 
alphabet,  and.  th«  arithmetieai 
figures,  are  necessary  :  Inrt,  on  tiM 
contrary,  that  those  who  work  the 
telegraphs  should  avoid  commani- 
catiiig  by  words  or  signs  agreed 
upon  to  express  sentences  ;  £nr  Ihal 
is  the  sure  method  never  to  become 
expert  at  sending  unexpected  in- 
telligence accurately.  It  has  been 
objected  to  it,  that  its  form  is  too 
clumsy  to  admit  of  its  beios  raised 
to  any  considerable  height  ^ove 
the  building  on  which  it  staadsi 
and  that  it  cannot  be  made  to 
change  its  direction,  and  eoaie> 
qnently  cannot  be  seen  bat  fircoi 
one  particular  point ;  and  in  coe- 
sequence  several  other  telegrafrfu 
have  t>een  proposed  to  remedy 
these  defects,  and  others  to  whick 
the  instrument  is  still  listMe.  The 
dial-plate  of  a  clock  woold  make 
an  excellent  telegraph,  as  it  might 
exhibit  one  hundred  and  furtjr^iMir 
signs,  so  as  to  be  visible  at  a  great 
distance.  A  telegraph  on  this  prln* 
ciple,  with  only  six  divisions  in- 
stead of  twelve,  would  be  simple 
and  cheap,  and  migkit  be  raised 
twenty  or  thirty  feet  high  above 
the  building  without  any  difilculty; 
it  might  be  supported  on  one  post, 
and  therefore  turn  round  ;  and  the 
contrast  of  colours  would  alwajs 
be  the  same. 

TELii;SCOPE,  an  optical  instm- 
nient  employed  in  viewing  distant 
objects. 

The  invention  of  the  telescope 
IS  one  of  the  most  important  acqui- 
sitions  that  the  sciences,  perhaps, 
ever  acquired.  At  tiie  same  time 
that  it  unfolds  to  us  the  wonders 
of  the  heavens,  it  enables  us  to 
make  such  observations  as  furnish 
the  most  certain  data  for  astrono- 
mical and  nautical  calculations, 
by  which  we  are  enabled  to  trace 
the  laws  and  principles  of  the 
planetary  motions,  and  to  employ, 
them  with  certainty  in  the  roost 
important  sciences  of  navigation, 
geodesia,  &c. 

To  whom  we  are  indebted  for 
the  discovery  of  the  powers  of  this 
noble  instrnment,  is  not  positively 
known.  According  to  Wolfins, 
John  Baptista  Porta  was  the  first 
who  made  a  telescope,  as  he  in- 
ferred   from    a    passage    in    the 
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*'  Magla  Nataralis**  of  that  aathor, 
published  in  1560 ;  but  this  paraage 
is  loo  obscure  to  eniitle  him  to  the 
unqualified  honour  of  this  inven- 
ticii. 

Thirty  years  afterwards,  viz,  in 
1590,  a  telescope^  16  inches  long, 
was  made  and  presented  to  Prince 
Maurice  of  Nassau,  by  a  specta- 
cle-maker of  Middlebtti^,  but 
whose  name  is  stated  differently 
hy  different  authors,  some  saying 
it  was  Lippersheim,  and  others 
Jausen,  or,  as  Wolhus  writes  it, 
Hansen. 

The    telescopes,  however,  that 
were  made  before  Galileo  under* 
took  their  construction,  were  but 
toys  to  those  which  were  formed 
by   this   celebrated    philosopher, 
these   being    well   calculated  for 
astronomical    observations.    It  is 
said  that  Galileo  being  at  Venice, 
was  told  of  a  sort  of  optic-glass, 
made  in  Holland,  which  brought 
distantobjects  nearer :  upon  which, 
selling  himself  to   think   how   it 
should  be,  he  ground  two  pieces 
of  glass  into  a  form  as  well  as  he 
could,  and  fitted  them  to  the  two 
ends  of  an  organ-pipe ;  and  with 
these  he  showed  at  once  all  the 
wonders  of  the  invention  to  the 
Venetians,  on  the  top  of  the  tower 
of  St.    Mark.    The    same  author 
adds,  that  from  this  time  Galileo 
devoted  himself  wholly  to  the  im> 
proving  and   perfecting  the  tele- 
scope ;  and  that  he  hence  almost 
deserved  all  the  honour  usually 
done  liira  of  being  reputed  the  in- 
ventor of  the  instrument,  and  of 
its  being  from  him  called  Galileo's 
tube,    Galileo  himself,  in  his  Nun- 
cius  SidereuSt  published  in  1610. 
acknowledges  that  he  first  heard 
of  the  instrument  from  a  Grerman ; 
and  that  being  merely  informed  of 
its  effects,  first  by  common  report, 
and  a  few  days  after  by  a  letter 
from  a  French  gentleman,  James 
Badovere,   at  Parts;   he   himself 
discovered    the    construction    by 
considering  the  nature  of  refrac- 
tion. He  adds,  in  his  "  Saggiatore,*' 
that  he  was  at  Venice  when    he 
heard  of  the  effects  of  Prince  Mau- 
rice's instrument,  but  nothing  of 
its    const-ruction^    that    the     first 
night  after  his  return  to  Padua  he 
^Ived  the  problem,  and  made  Iiis 
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instrument  the  next  day,  and  soon 
after  presented  it  to  the  Doge  ot 
Venice,  who,  in  honour  of  his 
grand  invention,  gave  him  the 
ducal  letters,  which  settled  him 
for  life  in  his  lectureship  at  Padua, 
and  doubled  his  salary,  which 
then  became  treble  of  what  any  of 
liis  predecessors  had  enjoyed  be- 
fore And  thus  Galileo  may  be 
considered  as  the  inventor  of  the 
telescope,  though  not  the  first  in- 
ventor. 

P.  Mabillon,  indeed,  relates,  in 
his  Travels  through  Italy,  that  in 
a  monastery  of  his  own  order,  he 
saw  a  manuscript  copy  of  the 
works  of  Commestor,  written  by 
one  Conradus,  wlio  lived  in  the 
13ih  century ;  in  the  third  page  of 
which  was  seen  a  portrait  of 
Ptolomy ,  viewing  the  stars  through 
a  tube  of  four  joints  of  draws ;  but 
he  does  not  say  that  the  tube  liad 
glasses  in  it.  Indeed  it  is  more 
probable,  that  such  tubes  were 
then  used  for  no  other  purpose  but 
to  defend  and  direct  the  sight,  or 
to  render  it  more  distinct,  by  sing- 
ling out  the  particular  object 
looked  at,  and  shutting  out  all  the 
foreign  rays  reflected  from  others 
whose  proximity  might  have  ren- 
dered the  image  less  precise.  And. 
this  conjecture  is  verified  by  ex- 
perience; for  we  have  often  ob- 
served,  that  without  a  tube,  by 
only  looking  through  the  hand,  or 
even  the. fingers,  or  a  pin-hole  in 
a  paper,  the  objects  appear  more 
clear  and  distinct  than  otherwise. 

Be  this  as  it  may,  it  is  certain 
that  the  optical  principles,  upon 
which  telescopes  are  founded,  are 
contained  in  Euclid,  and  were 
well  known  to  the  ancient  geome- 
tricians ;  and  it  has  been  for  want 
of  attention  to  them,  that  the 
world  was  so  long  without  that 
admirable  invention  ;  as  doubtless 
there  are  many  others  lying  hid 
in  the  same  principles,  only  wait- 
ing for  reflection,  or  accident,  to 
bring  them  forth. 

Telescopes  are  either  refracting 
or  reflecting ;  the  former  consist 
of  different  lenses,  through  which 
the  objects  are  seen  by  rays  re- 
fracted by  them  to  the  eye;  and 
the  latter,  of  specula,  from  which 
the  rays  are  reflected  and  pa«se4 
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In  the  eye.  The  lent,  or  gltM, 
turned  to  the  object,  is  called  the 
coject-glaM;  and  that  next  the 
eye,  the  eye-glau ;  and  when  the 
teleacopc  'vinffisis  of  more  than  two 
Jen«e*,  all  but  that  next  the  object 
are  called  eye-glasses. 

The    principal    effects  of    tele- 
scopes depend  upon  this  maxim, 
**  ihat  objects  appear  larger  in  pro- 
pftrtion  to  the  angles  which  they 
subtend  at  the  eye ;  and  the  effect 
is  Uie  same,  whether  the  pencils 
of  rays,  by  which  objects  are  visi- 
bfe  to  us,  come  directly  from  the 
objects  themselves,  or  from  any 
place   nearer  to  the   eye,  where 
they  may  have  been  united,  so  as 
to  form  an  image  of  tlie  object, 
because   they    issue    again    from 
those  points  in  certain  directions, 
in  the  same  manner  as  they  did 
from  the  corresponding  points  in 
the   object   themselves.    In   fact, 
therefore,  all  that  is  effected  by  a 
telescope,  is  first  to  make  such  an 
Image  of  a  distant  object,  by  means 
of  a  lens  or  mirror,  and   then  to 
five  the  eye  some  assistance  for 
viewing  that  image  as  near  as  pos- 
sible ;  so  that  the  angle,  which  it 
shall  subtend  at  the  eye,  may  be 
Tery  larae  compared  with  the  an. 
gle  whicn  the  object  itself  would 
subtend  in  the  same  situation*  This 
is  done  by  means  of  an  eye-glasK, 
which   so  refracts  the  pencils  of 
rays,  as  that  they  may  afterwards 
be  brought  lo  their  several  foci  by 
the   natural  humours  of  the  eye. 
But  if  the  eye  had  been  so  formed 
as  to  be  able  to  set  the  image,  with 
suflicicnt  distinctness,  at  the  same 
distance  without  an  eye-glass,  it 
would    appear   to    hhn    as    much 
magnified  as   it  does   to   another 
person  who  makes  use  of  a  plass 
for  that  purpose,  though  he  would 
not,  in  all  cases,  have  so  large  a 
field  of  view. 

Although  no  image  be  actually 
formed  by  the  foci  of  the  pencil 
without  the  eye ;  yet  if,  by  the 
lielp  of  an  eye-glass,  the  pencils  of 
rays  shall  enter  the  pupil,  just  as 
they  would  have  done  from  any 
place  without  the  ej'e,  the  visual 
unple  will  be  the  same  as  if  an 
image  had  been  actually  formed 
in  that  place. 
Telescopes  are  of  several  liinds, 
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distingaiahed  fey  the  BMBbcr  Ml 
form  of  their  lenses,  or  fltacs» 
and  denominated  from  their  parti 
cnlar  uses,  *e.  Bach  ere  the  Met- 
restrial,  or  land  teleaeope;  the  ce- 
lestial, or  mstronomicfti  lelesoofe; 
to  which  may  be  added,  the  wU- 
lean.  or  Dutch  teleseope,  ths  re> 
flectloff  telescope,  the  aehronuuiB 
telescope.  See, 

We  shall  proceed  to  describe 
some  of  these  in  order  to  ilioatnlt 
the  leading  principles. 

1.  The  rtfrmeting  TOuetpe, 
This  telescope  differs  from  the 
microscope  onlv  in  this,  tlimt  the 
object  is  placed  at  so  great  a  dis- 
tance from  it.  that  the  rays  of  the 
same  pencil  fiowing  from  thence 
may  be  considered  as  falling  pa* 
rallel  to  one  another  upon  the 
objecVglass,  and,  therefore,  tin 
image  made  by  that  glass  is  looked 
upon  as  coincident  with  its  fiiess 
or  parallel  rays. 

There  is  a  defect  In  all  these 
Icinds  of  telescopes,  not  to  be  re- 
medied in  a  single   lens  by  any 
means     whatever,      trhieh     wsi 
thought  only  to  arise  from  hence, 
wis.  that  spherical  glasses  do  not 
collect  rays  to  one  and  the  same 
point.    But  it  was  happily  disco* 
vered  by  Sir  Isaac  Newton,  tiiat 
the  imperfection  of  this  sort  of  te> 
lescope,  so  far  as  it  arises  from  the 
spherical  form  of  the  glasses,  bears 
almost  no  proportion  to  that  which 
is  owing  to  the  different  refrangi* 
bility  of  light.    This  diversity  in 
the  refraction  of  rays  is  ,abont  a 
28th  part  of  the  whole ;  so  that  the 
object-glass  of  a  telescope  cannot 
collect  the  rays  which  llow  from 
any  one  point  in'  the  object  into 
le^s  than  the  circular  space  whose 
diameter  is  about  the  5tfth  part  of 
the  bieadth  of  the  glass. 

Notwithstanding  this  imperfec- 
tion, a  dioptrical  telescope  may 
be  made  to  magnify  in  any  given 
degree,  provided  it  be  of  sufficient 
length  ;  for  the  greater  the  focal 
distance  of  the  ol)ject-;;lass  is,  the 
less  may  be  the  proportion  which 
the  focal  distance  of  the  eye-glass 
may  bear  to  that  of  the  object- 
glass,  without  rendering  the  image 
obscure.  Thus,  an  ohji-ct-glass, 
whose  focal  distance  is  about  four 
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feet,  will  admit  of  an  eye-glass 
whose  focal  distance  shall  be  little 
more  than  an  inch,  and,  conse> 
qnently,  will  magnify  almost  48 
times;  bat  an  objecUglass  of  40  feet 
focus  will  admit  of  an  ^ye>glass  of 
only  four  inches  focus,  and  will, 
therefore,  magnify  120  times ;  and 
an  objecuglass  of  100  feet  focus 
will  admit  of  an  eye-glass  of  little 
more  than  six  inches  focus,  and 
will,  therefore,  magnify  almost 
SOD  times. 

The  reason  of  this  disproportion 
in  their  several  degrees  of  magni- 
fying is  to  be  explained  in  the  fol- 
lowing manner.    Since  the  diame- 
ter  6f  the  spaces,  into  which  raj'S 
flowing  from  the  several  points  of 
an  object  are  collected,  are  as  the 
breadth  of  the  object-glass,  it  is 
evident  that  the  degree  of  c^n- 
fusediiess  in  the  Image  is  as  the 
breadih  of  that  glass;  for  the  de. 
'  gree  of  confusedness  will  only  be 
as  the  diameters  or  breadths  of 
those  spaces,  and  not  as  the  spaces 
themselves.    Now  the  focal  length 
of  the  eye-glass,  that  is,  its  power 
of  magnifying,  must  be  as  that  de- 
gree, for  if  if,  exceeds  it,   it  will 
render  the  confusedness  sensible, 
and,  therefore,  it  must  be  as  the 
breadth  or  diameter  of  the  object- 
glass.   The  diameter  of  the  object- 
glass,  which  is  as  the  square  root 
of  its  aperture  or  magnitude,  must 
be  as  the  square  root  of  the  power 
of  magnifying  in  the  telescope,  for 
unless  the  aperture  itself  be  as  the 
power  of  magnifying,  the  image 
will  want  light;  the  square  root 
of  the  power  of  magnifying  will 
be  as  the  square  root  of  the  focal 
distance  of  the   object-glass,  and, 
therefore,    the    focal    distance   of 
tlie  eye-glass  must   be  only  as  tlie 
square  toot  of  that  of  the  object* 
giass.  So  that  in  making  use  of  an 
object-glass  of  a  longer  focus9  sup- 
po6e  than  one  that  is  given,  you 
are  not  obliged  to  applv  an  eye- 
glass of  a  proportionably  longer 
locus  than  what  would  suit  the 
given  object-glass,  but  such  a  one 
only  whose  focal  distance  shall  be 
to  the  focal  distance  of  that  which 
will  suit  the  given  object-glass,  as 
the  square  rout  of  the  fucal  length 
of  the  object-glass  you  make  use 
ot'f   is  to  the   square  root  of  the 
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focal  length  of  the  given  one* 
And  this  is  the  reason  that  longer 
telescopes  are  capable  of  magni- 
fying in  a  greater  degree  than 
snorter  ones,  without  rendering 
the  object  confused  or  coloured. 

3.  But  the  ioconveniency  of  very 
long  telescopes  is   so  great,  that 
different  attempts  have  been  made 
to  remove  it.    Of  these  the  most 
successful  have  been  by  DoUond 
and  Blair,  and  the  general  princi- 
ples  upon   which   these    eminent 
opticians    proceeded    have    been 
mentioned  in  our  article  Achro- 
matic.   It  may  be  sufficient  to  ob- 
serve, in  addition  to  what  has  been 
already    said,    that    the    object- 
glasses  of   Blair's  telescopes  are 
composed  of  three  distinct  lenses, 
two  convex  and  one  concave,  of 
which  the  concave  one  is  placed 
in  the  middle.    The  two  convex 
ones  are  made  of  London  crown* 
glass,  and  the  middle  one  of  white 
flint-glass;  aiul  they  are  all  ground 
to  spheres  of  different  radii,  ac- 
cording to  the  refractive  powers 
of  the  different  kinds  of  glass  and 
the  intended  focal  distance  of  the 
object-glass  of  the  telescope.    Ac- 
cording   to  Boscovich,  the  focal 
distance  of  the  ptirallel  rays  for 
the  concave  lens  is  one-half,  and 
for  the  convex-glass  one  third  of 
the  combined  focus. 

S.  The  rt(fiecUHg  Telescope, 

The  ioconveniences  arising  from 
the  great  length  of  refracting  tele- 
scopes, before  Dollond's  discovery, 
are  snfficiently  obvious ;  and  these, 
together  with  the  difficulties  occa- 
sioned by  the  different  refrani^i- 
bility  of  light,  induced  Sir  Isaac 
Newton  to  turn  his  attention  to 
the  subject  of  reflection,  and  en- 
deavour to  realize  the  ideas  of 
himself  and  others  concerning  the 
possibility  of  constructing  tele- 
scopes upon  that  principle. 

In  the  best  reflecting  telescopes, 
the  focus  'of  the  small  mirror  is 
never  coincident  with  the  focus 
of  the  great  one,  where  the  first 
image  is  formed,  but  a  little  be- 
yond it  (with  respect  to  the  eye) ; 
the  consequence  of  which  is,  that 
the  rays  of  the  pencils  will  not  be 
parallel  after  reflection  from  the 
small  mirror,  but  converge  so  as 
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tn  meet  in  points,  where  they 
would  form  *  lArger  npriglitlmane 
than  If  Uie  Bla««  wan  not  in  their 
way ;  and  tliin  imaRe  might  be 
viewed  by  niean^  of  a  iiinRie  eye> 

r;Iaw  pro|)erly  placed  between  the 
mage  and  the  eye  ;  but  tlicn  the 
field  of  view  would  be  leM,  and, 
consequently,  not  no  pleasant ;  for 
which  reaMin  tlic  glau  is  still  re* 
tained  to  enlarge  the  scope  or 
area  of  the  licld. 

.  To  tind  tlie  magnifying  power  of 
this  telescope  multiply  the  focal 
distance  of  the  great  mirror  by 
the  disiancc  ol  the  small  mirror 
from  the  image  next  the  eye,  and 
multiply  the  focal  distance  of  the 
smnll  mirror  by  the  focal  distance 
of  the  eye-glass;  then  divide  the 
product  of  the  former  multiplica- 
tion by  the  pioductof  the  latter, 
and  trie  quotient  will  express  the 
magnifying  |M>wcr. 

One  great  advantage  of  the  re- 
flecting telescope  is,  that  it  will 
admit  of  an  eye-glass  of  a  much 
shorter  focal  distance  than  a  re- 
fracting telescope  will,  and,  con* 
sequently,  it  will  magnify  so  much 
the  more ;  for  the  rays  are  not  co- 
loured by  reflection  from  a  con- 
cave mirror,  if  it  be  ground  to  a 
true  figure,  as  they  are  by  passing 
through  a  convex^glass,  let  it  be 
gniund  ever  so  true. 

The  nearer  an  object  is  to  the 
telescope,  the  more  its  pencils  of 
rays  will  diverge  before  they  fall 
np<m  the  great  mirror,  and,  there- 
fore, tliey  will  be  the  longer  in 
meeting  after  reflection;  so  that 
the  first  image  M'ill  be  formed  at  a 
greater  distance  from  the  large 
mirror,  when  the  object  is  near 
the  telescope,  than  when  it  is  ver}' 
remote.  Hut  as  this  image  must 
be  formed  farther  from  the  small 
mirror  than  its  principal  focus  n, 
this  mirror  must  be  always  set  at  a 
greater  distance  finin  the  large 
one,  in  viewing  near  objects,  than 
in  viewing  remote  ones.  And  this 
is  done  by  turning  the  screw  on 
the  outside  of  the  tube  until  the 
small  mirror  be  so  adjusted  that 
the  object,  or  rather  its  image, 
appears  perfect. 

Ill  looking  through  any  telescope 
towards  an  object,  we  never  see 
the   object    itself,    but  only    that 
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Inuige  of  it  which  l«  fprmed  anl 
the  eye  In  the  teleecope.  ¥(tr\i% 
man  hold*  his  finger  or  a  ntclt  t»- 
tween  his  iMre  eye  and  sn  uUret, 
it  will  hide  |>art.  If  not  the  wboh, 
of  the  object  from  his  view;  iMt 
if  he  ties  a  stick  aeroas  the  mosth 
of  a  telescope  before  the  olncct> 
class,  it  will  hide  no  partnfthr 
imaginar>'  object  he  saw  throssk 
the  telescope  before,  unless  k 
covers  the  whole  month  of  tbe 
tube ;  for  all  the  effect  will  be.  Is 
make  the  object  appear  dimnwrl 
because  it  intercepts  part  of  tbe 
rays.  Whereas,  If  lie  puU  only  t 
piece  of  wire  across  the  inside  of 
the  tube,  l>etween  the  eyeflM 
and  his  eye,  it  will  hide  partof 
the  object  which  he  thinks 'he 
sees,  which  proves  that  be  sea 
not  the  real  object,  bat  Its  iauge. 
This  is  also  confirmed  by  mesas 
of  the  small  mirror  B  P,  in  the  r^ 
fleeting  ielescoi>e,  which  is  made 
of  opaque  meul,  and  sunds  di- 
rectly between  the  e^'e  and  Urt 
object  towards  which  the  tele* 
scope  is  turned ;  and  will  hide  the 
whole  object  from  the  eye  at  O,  if 
the  two  glasses  Z  Z  and  8  8  are 
taken  out  of  the  tube. 

Great  improvements  have  beca 
lately  made  in  the  constmcUon  of 
both  reflecting  and  refracting  tele- 
scopes, as  well  as  in  the  method  of 
applying  those  instruments  to  the 
purposes  for  which  they  are  in- 
tended. 

The  chief  consideration  is  to 
have  a  steady  view  of  the  distant 
object.  This  is  unattainable,  unless 
the  axis  of  the  instrument  be  kept 
constantly  directed  to  the  same 
point  of  it ;  for  when  the  telescope 
is  gently  shifted  fmm  its  position, 
the  object  seems  to  move  in  the 
same  or  in  the  opposite  direction, 
according  as  the  telescope  inverts 
the  object  or  shows  it  erect.  This 
is  owing  to  the  magnifying  }K>wer, 
because  the  apparent  angular  mo« 
tion  is  greater  than  what  we  na- 
turally connect  with  the  motion 
of  the  telescope.  This  does  not 
happen  when  we  look  tlirough  a 
tube  without  glashcs. 

AH  shaking  of  the  instrument, 
therefore,  makes  the  object  dance 
before  the  eye;  and  this  is  disa- 
greeable,   and    iiiudcrs    us    liom 
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seeing  it  distinctly.    Bat  a  tremu- 
lous   motion,    liowever    small,    is 
Infinitely  more  prejudicial  to  tiie 
performance  of*  a   telescope,    by 
making  the  object  quiver  before 
us.    A  person  walking  in  the  room 
prevents  us  from  seeing  distinctly ; 
nay,    the   very   pulsation    in   the 
body  of  the  observer  agitates  the 
floor  enough  to  produce  this  effect, 
when  the  telescope  has  a    great 
magnifying  power ;  for  the  visible 
motion  of  the  object  is  then  an  im- 
perceptible tremor,  like  that  of  an 
harpsichord  wire,  which  produces 
an  effect  precisely  similar  to  opti- 
cal indistinctness ;  and  every  point 
of  the  object  is  diffused  over  the 
whole  space  of  the  angular  tremor, 
and  appears  co-existent  in  every 
part  ox  this  space,  just  as  a  harp- 
sichord-wire does  while  it  is  sonnd- 
iog.    The  more  rapid  this  motion 
ib,  the  indistinctness  is  the  more 
complete.      Therefore    the   more 
firm  and  elastic,  and  well  bound 
together,  the  frame.work  and  aper- 
tures of  our  telescope  is,  the  more 
hurtful  will  this  consequence  be. 
A  mounting  of  lead,  were  it  prac- 
ticable,   would   be   preferable  to 
wood,  iron,  or  brass.    This  is  one 
great  cause  of  the  indistinctness  of 
the  very  finest  reflecting  telescopes 
of  the  usual  constructions,  and  can 
never  be  totally  i*emoved.    In  the 
Gregorian  form,  it  is  hardly  possi- 
ble to  prevent  the  elastic  tremor 
of  the  small  speculum,  carried  by 
an  arm  supported  at  one  end  only, 
even  though  the  tube  were  motion- 
less.   But  even  the  great  mirror 
may   vibrate   enough  to   produce 
indistinctness.      Refracting     tele- 
scopes are  free  from  this  inconve- 
niency,   because  a  ^mall  angular 
motion  of  the  object-glass  round 
one  of  its  own  diameters,  has  no 
sensible  effect  on  the  image  in  its 
focus.    They  are  affected  only  by 
an  angular  motion  uf  the  axis  of 
the  telescope  or  of  the  eye-glasses. 
The  high  magnifying  powers  of 
Dr.   Herschel's    telescopes    made 
ail    the  usual  apparatus  for  their 
support  extremely  imperfect.  But 
his   ingenuity  soon    avoided    tliis 
imperfection.     He  ha.*)  contrived 
for  his  refltfciing  telescopes  stands, 
which  have  every   property  that 
can  be  desired.    The  tubes  are  all 
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supported  at  the  two  ends.  The 
motions,  both  vertical  and  hoti- 
zontal,  are  contrived  with  the  ut- 
most simplicity  and  firmness*  We 
cannot  more  properly  conclude 
this  article  than  with  a  description 
of  his  40-feet  telescope,  the  largest 
instrument,  and  possessing  the 
higliest  magnifying  power,  of  any 
that  ever  was  constructed. 

In  Plate  Xill.  we  have  given  a 
view  of  this  noble  instrument  in  a 
meridional  situation,  as  it  appears 
when  seen  from  a  convenient  dis 
tance,  by  a  person  placed  to  the 
south-west  of  it    The  foundation 
in  the  ground  consists  of  two  coii- 
centric  circular  brick  walls,  the 
outermost  of  which  is  4%  feet  in 
diameter,  and  the  inside  one  21 
feeU  They  are  two  feet  six  inches 
deep  under  ground,  two  feet  three 
inches  broad  at  the  bottom,  and 
one  foot  two  inches  at  the   top, 
and  are  capped  with  paving-stones 
about    three    inches    thick,    and 
twelve  and  three-quarters  broad. 
The  bottom  frame   to    the  whole 
apparatus    rests   upon    these   two 
walls,  by  twenty  concentric  rollers 
III,  and  is  moveable  upon  a  pivot, 
which  gives  a  horizontal  motion 
to  the  whole  apparatus,  as  well  as 
to  the  telescope. 

The  tube  of  the  telescope  A, 
though  very  simple  in  its  forni, 
which  is  cylindrical,  was  attended 
with  great  difficulties  in  the  con- 
struction. This  is  not  to  be  won- 
dered at,  when  its  sizf,  and  the 
materials  of  which  it  is  made,  are 
considered.  Its  length  is  39  feet 
four  inches ;  it  measures  four  feet 
ten  inches  in  diameter ;  and  every 
part  of  it  is  of  iron.  Upon  a  mo* 
derate  computation,  the  weight' of 
a  wooden  tube  must  have  exceeded 
an  iron  one  at  least  3000  pounds, 
and  its  durability  would  have  been 
far  inferior  to  that  of  iron.  It  is 
made  of  rolled  or  sheet  iron,  which 
has  been  joined  together  without 
rivets,  by  a  kind  of  seaming  well 
known  to  those  who  make  iron 
funnels  for  stoves. 

Very  great  mechanical  skill  is 
used  in  the  contrivance  of  the  ap- 
paratus by  which  the  telescope  is 
supported  and  directed.  In  order 
to  command  every  altitude,  the 
point  of  support  is  moveable,  and 
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Its  motion  it  effectod  by  mecha- 
nlfBi,  »•  that  the  telescope  may 
be  moved  from  its  most  backward 
point  of  support  to  the  most  fur* 
ward,  and  by  means  of  the  pulleys 
O  O  suspended  from  the  great 
beam  Ht  oe  set  to  any  akitude  up 
to  the  very  senith.  The  tube  is 
also  made  to, rest  with  the  point 
of  sopport  in  a  pivot,  which  per- 
mits ft  to  be  turned  sidewise. 

The  concave  face  of  the  great 
mirror  is  48  inches  in  diameter,  of 
polished  surface.  The  thicknesji, 
which  is  equal  in  every  part  of  it, 
remains  now  about  three  inches 
and  a  half;  and  its  weight,  when 
if  came  from  the  cast,  was  8118 
pocmds,  of  which  it  must  have 
lost  a  small  quantity  in  polishing, 
and  it  magnifies  with  proper  eye- 
glasses more  than  0000  times.  To 
gut  this  speculum  into  the  tube,  it 
>  suspended  vertically  by  a  craue 
in  the  laboratory^  and  placed  on  a 
small  narro|r  carriage,  which  is 
drawn  out,  rolling  upon  planks, 
till  it  comes  near  the  back  of  tile 
tube;  here  it  is  again  suspended 
and  plaeed  in  the  tube  by  a  pecu- 
liar apparatus. 

The  method  of  observing  by  this 
telescope  is  what  Dr.  Herschel 
calls  the  front  view ;  the  observer 
being  placed  in  a  seat  C,  suspend- 
ed at  the  end  of  it,  with  his  back 
towards  the  object  he  views.  There 
is  no  small  speculum,  but  the  mag- 
nifiers are  applied  iinmediateiy  to 
the  first  focal  image. 

From  the  opening  of  the  tele- 
scope, near  the  place  of  the  eye- 
glass, a  speaking-pipe  runs  down 
to  the  bottom  of  the  tube,  where 
it  goes  into  a  turning  joint;  and 
after  several  other  inflections,  it  at 
length  divides  into  two  branches, 
one  going  into  the  observatory  D, 
and  the  other  into  the  work-room 
£.  By  means  of  the  speaking-pipe 
the  communications  of  the  observer 
are  conveyed  to  the  assistant  in  the 
observatory,  and  the  workman  is 
directed  to  perforin  the  required 
motions.  - 

In  the  observatory  is  placed  a 
valuable  sidereal  time-piece,  made 
by  Mr.  Shelton.  Close  to  it,  and 
of  the  some  lieight,  is  a  polar  dis- 
tance piece,  which  has  a  dial-plate 
of  the  same  dimensions  with  the 
ftOO 


time-piece:  thU  piece  my'ta 
made  to  show  polar  distuct,  ss> 
nith  diatance,  declination,  or  alii* 
tode,  by  lettins  it  differently.  The 
time  and  polar  disiance-pieces  uc 

E laced  to  that  the  nansiant  riti 
efore  them  at  «  tnble,  with  iIn 
speakins-idpe  riaing  between  tbesii 
and  in  thia  manner  oifeervatieei 
may  be  written  down  Tery  coani 
nieutly* 

Oh  Me  d^fer^nt  Merits  ^  Jffer» 
^cpjtes  €uui  Veteseoftt, 
The  advantages  arising  firom  the 
use  of  mioroaoopea  and  tcleseopei 
depend,  in  the  firaC  place,  apes 
this  property  of   magnifying  tin 
minute  paru  of  oLtiects,   so  that 
they  can  by  that  mesuia  be  aoie 
distinctly  Tiewed  bj  the  eye;aa< 
secondly,    upon    their    tfuvnit 
more  light  into  the  pupil  of  tke 
eye  than  what    ia   done  without 
Uiem.  The  advantages  ariaing  6on 
the  magnifying   power  woald  ke 
extremely  limited,  if  they  wee 
not  also  accompanied  by  the  latter; 
for  if  the  same  qasuitity  of  light  b 
spread  over  a  large  portion  of  sw- 
5!®*,»  .*f   becomes   proportionabiT 
diminished  in  force;  and,  then> 
fore,  the  objecta,    though  niagai- 
fied,  appear  proportlonablydiB* 
Thus,  tliough  any  magnifying-flBa 
should  enlarge  the  diameter  oi  the 
object  ten  times,  and  consequently 
magnify  the  surface  100  times,  yet 
if  the  focal  distance  of  the  glan 
was  about  eight  inches  (provided 
this  was  possible),  and  ito  diameter 
only  about  the  size  of  the  pupil  of 
the  eye.  the  object  would  appear 
100    timen   more    dim    when   we 
looked    throuph    the    glass,   than 
when  we  beheld  it  with  our  naked 
eyes;  and  this  even  oti  a  supposi- 
tion that  tlie  glass  trausmitledall 
the  lis>ht  which  fell  upon  it,  which 
no  glass  can  do.    But  if  the  tbcil 
disuuce  of  the  gloss  was  only  foor 
inches,    though    its    diameter  re- 
mained as  before,  the'inconveni* 
ence  would  be  vastly  diminbhed, 
bt'cause  the  glass  could   then  be 
placed  twice  as  near  the  object  as 
before,  and,  consequently,  would 
receive  four  times  as  many  rays  as 
in  the  former  case,  and,  therefore, 
we  should  see  it   much  brighter 
thau  before.   Croiog  on  thus,  still 
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from  th«  fmallnew  of  the  lem  and 
•hortucM  of  the  fooa^.  When  a 
mlorotcopio  lent  maRiiiltei  the  dia- 
meter of  an  object  40  times,  it  hath 
Uien  the  nlinott  possible  magnify- 
ing power,  without  diminishing  tlie 
natural  brightness  of  the  object. 

The  third  obstacle  arises  from 
th«  shortness  of  the  focal  distance 
in  large  magnifiers ;  but  in  trans- 
parent ol]jecu,  where  a  sufficient 
quantity  of  light  is  thrown  on  the 
ol^lect  from  below,  the  inconve- 
nience arises  at  last  from  straining 
Uia  eye.  which  must  be  placed 
nearer  the  glass  than  it  can  well 
bear ;  and  this  entirely  supersedes 
the  use  of  magnifiers  beyond  a  cer- 
tain decree. 

The  fourth  obstacle  arises  from 
the  different  refrangibility  of  the 
rays  of  light,  and  which  frequently 
eaases  such  a  deviation  from  truth 
So  the  appearances  of  things,  that 
many  people  have  imagined  thenv 
•elves  to  have  made  surprising  dis- 
coveries, and  have  even  published 
them  to  the  world  :  when,  in  fact, 
they  have  been  ouly  as  many  op- 
tical deceptions,  owing  to  the  un- 
equal refractions  of  the  rays.  For 
taU  there  seems  to  be  no  remedy, 
except  the  introduction  of  achro- 
matic glasses  into  microscopes  as 
well  as  telescopes.  How  far  this 
is  practicable,  hath  not  yet  been 
tried ;  but  when  these  glasses  shall 
be  introduced  (if  such  introduction 
Is  practicable),  microscopes  will 
then  undoubtedly  have  received 
their  ultimate  degree  of  perfection. 

With  regard  to  tclescoues,  those 
of  the  refracting  kind  have  evi- 
dently the  advantage  of  all  others, 
where  the  aperture  is  equal,  and 
the  aberrations  of  the  rays  are 
corrected  according  to  Mr.  Dol- 
Ijnd's  method  ;  brcause  the  image 
Is  not  only  more  perfect,  but  a 
much  greater  quantity  of  light  is 
transmitted  than  what  can  be  re- 
flected from  the  best  materials 
hitherto  known.  Unluckily,  ho«v- 
ever,  the  imperteciioiis  of  the 
glass  set  a  limit  to  those  telescopes, 
as  hath  already  been  observed,  so 
that  they  cannot  be  made  above 
three  feet  ajid  an  half  long.  On 
the  whole,  therefoie,  the  reflecting 
telescopes  are  preferable  in  this 
respect,  that  they  umy  be  made  of 
9(12 


dimensions  creitiy  tepHte;  I) 
wliich  in«ana  they  eaa  botitMi' 
nify  to  a  ercnter  degree,  aad  < 
the  same  time  tbrov  mech  am 
light  into  the  ejre. 

With  regmrd  to  the  poweis  rf 
telescopes,  howaTor.  thee  are  sU 
of  them  exceedingly  less  than  «U 
we  should  be  apt  to  ir**g*"*  A** 
the  number  of  timet  whieh  dKy 
magnify  the  objeet.  Thas,  wks 
we  hear  of  a  telescope  wbieh  ■«!• 
nifies  100  times,  we  are  apt  to  iM> 
gine,  that»  ou  looking  at  any  diMssi 
object  through  It,  we  should  fu- 
ceive  it  as  distinctly  as  we  «oiU 
with  our  naked  eye  at  the  tMk 
part  of  the  distance.  But  this  ii 
by  no  means  the  case  ;  neitlttr  ii 
there  any  theory  ca|mbie  of  dirsrt- 
big  us  in  tills  matter;  we  Md 
therefore  depend  entirely  oa  **• 
perience. 

The  best  method  of  trylag  tk 
goodness  of  any  telescope  is  ^ohi 
serving  how 'macb  farther  oc  jot 
are  able  to  read  with  It  than  jos 
can  with  the  naked  eye.  Bat  tkit 
all  deception  may  be  aroided,  it 
is  proper  to  chouse  something  to 
be  read  where  the  imatlnatiw 
cannot  give  any  asslstaneet  sach 
as  a  table  of  logarithma,  or  Ma» 
thing  which  consists  entirely  sf 
figures ;  and  hence  the  truly  tti» 
ful  power  <if  the  telescope  is  easilf 
known.  1^1  this  way  Mr.  Sliorti 
large  telescope,  which  magnifiM 
the  diameter  of  objects  ISOO  times, 
is  yet  unable  to  afford  soflieiest 
light  for  reading  at  more  than  SN 
times  the  distance  at  which  we  can 
read  with  our  naked  eye. 

With  regard  to  the  form  of  re> 
Aecting  telescopes,  it  is  now  pretty 
generally  agreed,  that  when  the 
Gregorian  ones  are  well  construct 
ed,  they  have  the  advantage  of 
those  of  the  Newtonian  form.  One 
advantage  evident  at  first  sight  is, 
that  with  the  Gregorian  telescope 
an  object  is  perceived  by  looking 
directly  through  it,  and  consC' 
qnently  is'found  with  much  greater 
ease  than  in  the  Newtonian  tele- 
scope,  where  we  must  look  into 
the  side.  The.  unavoidable  iniper. 
fection  of  the  specula  common  to 
both  also  gives  the  Gregorian  an 
iidvantase  over  the-  Newtonian 
form.    Notwithstanding  the  utiuu;it 


T  £  L — T  E  K 


o(  (he  iiniite  /ormeri  by  lli(  c 

thty  irc  proprrly  maic'liid. 
ir  Ihi)  i>  oat  done,  Ihc  error 
be  made  much  nunc  )  and  kt 
■unv  of  Ihe  Gngorima  leluct 
ur*  hr  Inferior  lo  ibc  Newuii 
aD«g;  randy,  vkea  lh«  necnLn 
have  not  bt«D  pmpf  riy  ndanied 
to  aich  olhcr.  There  to  no  ntTtlieid 


le  naked  •yc,  luur,  tn  all  ca<ie!i. 
:  euily  found  by  Uig  lollawiiis 


l^t  the^TimM  uigle  toUended  u 

»i>llte  pi  uduced'  1^  the  iRttnmeni 
ullnn.    LetB  be  tliedlanifier 

of  Ihepapil.    Let'ihe  iiiiinnieol 


Hchl  lianunitUd  Ihroish 

.f   dliUKCl  »Hlnn,  neerly 


tannge  in  Ihe  forn 


t  ff</)H:<l«TiLlicorI. 

Olirplrie  fiLiioori,  the  MmeH 
IfJivcUnt  TiLucon. 

TiLiicOFicii.  aiari,  are  laeh  M' 
It  not  viilblF  to  the  naked  eye, 
lelni  only  dtocemlbla  by  neuu 

All  lan'SSu  Ihin  Ihoie  of  the 

TKNAClirYrrii  Ifalimil  Phllm- 

rhieh  they  laitnin  >  conildenMe 
praurearrnreewiihontbreiklni, 
bdiac  tfae  oppnglw  quality  in  biu- 
U«ieH  or  fragility. 

TKN8IOH,  ihttt  ttate  wiilch  a 
ehoid,  UrinR,  ±e.  It  In  vhea 
•treielird  beyuii'l  lu  natural  length. 

TBRH,  In  OrrmUrf,  ■  tin  tK>' 
Irene  or  any  niiaBilade,  or  that 

if  a  goperflclH,  Unci;  of  aulid, 
tIrmS,  nf  an  rqniilian,  or  of 

ler  by  Ih^i^m  +  or —7  "bo,  tSn 


MATHEMATICAL   AND    PHTSICAL    SCIEVCE. 


«nr  tinfle  lerm.   TInii,  !n  the  equA* 

the  four  terms  «re  Ji",  (a  —  86)  x*, 
me*  and  6*;  of  which  the  second 
term  (a  —  S6)  x*  is  compound,  and 
the  other  three  are  simple. 

TERMINAL  F^ AMri/y,  in  the 
theory  of  projectiles,  is  the  greatest 
▼cloclty  which  a  ball  can  acquire 
by  descending  vertically,  in  air, 
and  with  which,  when  attained,  it 
would  continue  to  descend  uni- 
formly if  no  solid  obstacle  destroy- 
ed the  motion. 

TERMINATOR,  in  Astronomy,  a 
name  sometimes  given  to  the  cir- 
cle of  illumination,  from  its  pro- 
perties of  terminating  the  bounda- 
ries of  light  and  darkness. 

TERRA.    See  Earth. 

TsRKA  Fhtna,  in  Geography t  is 
sometimes  used  for  a  continent  in 
contradistinction  to  island. 

TERRAQUEOUS,  in  Geography, 
an  epithet  applied  to  onr  earth 
when  considered  as  consisting  of 
land  and  water. 

TERRESTRIAL,  any  thing  re- 
lating  to  the  earth,  us  terrestrial 
f /o6e,  line^  &c. 

TETRAEDRON,  or  Tetrahedron, 
in  Geometry,  one  of  the  five  regu- 
lar or  Platonic  bodies  or  solids, 
comprehended  under  four  equila- 
teral and  equal  triangles.  See 
Body. 

If  a  denote  the  linear  edge  or 
side  of  a  letraedron,  b  its  whole 
superficies,  c  its  solidity,  r  the  ra- 
dius of  its  inscribed  sphere,  and  R 
the  radius  of  its  circumscribing 
sphere ;  then  the  general  relation 
among  all  these  is  expressed  by 
the  following  equations,  vis. 

-^  6cV2. 
b  =:«4r«  v/3=  jR2V3  =  a«>/'3 

c  =8rSV3  =  j^RV3  =  ^a3V2 
-g^6v/2Av/3. 


R=3r  =  iav/6  =  |  V26v/3  =  j 

r  =  i  R^^  V  6  =  T»j  v/ 26  V  3 

See  Mutton's  Mensuration,  p.  218, 
&c.  9d  edition. 
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TETRAGON.  In  GMwfrf.  a 

quadrangie,  or  aflgiire  having  low 
angle*.  Such  »s  a  tqoarefa  ptrsl- 
lelugram,  a  rhombus,  and  a  trsi» 
zium.  ■ 

A  square  Is  a  regvtar  Utngm; 
to  which  fipire  th«  tetm  Moie 
commonly  apuliea. 

TETRAGOMISM,  w  nsedby  som 
old  aoihors  to  denote  tha  qnadia- 
lure  of  the  circle. 

THEODOLITE,  is  an  instnunort 
employed  by  survey ors  for  bcs. 
snring  angles,  whereby  to  eooipMt 
the  heighu.  distances.  &c  of  r» 
mote  objecu.  There  are  varims 
forms  of  this  instrument  arising  est 
of  the  successive  improvemesH  rf 
many  eminent  artists,  bat  the  pria. 
ciple  of  iu  operation  is  the  ism 
in  all.  and  we  shall,  tberalbre,  4» 
scnbe  that  of  Mr.  Sisson.  which  ii 
one  of  the  most  asoal  constmcttoa. 

In  using  this  instrament.  whetlMff 
for  horixontal  or  vertical  anglo, 
it  must  first  be  rendered  perfectly 
horizonUl  by  means  of  the  adioil- 
ing  screws  and  spiral  level ;  tbca 
for  horizontal  angles  observing  one 
of  the  objecu  in  the  telescope,  let 
it  be  brought  to  coincide  very  ex- 
actly with  the  centre  of  the  cum 
wires  of  the  object  glass ;  and  hav- 
ing then  set  the  horisontai  liob 
at  0,  or  180,  turn  the  teleseope  tv 
wards  the  other  object,  and  get  it 
exactly  in  the  centre  of  the  object 
glass  as  before  ;  and  the  angle  con- 
tained between  the  two  objects 
will  be  shown  on  the  limb  of  the 
instrument. 

In  measuring  vertical  angles, 
after  having  rendered  the  instru- 
ment horizontal  as  before  directed, 
set  the  vertical  limb  at  0;  then 
elevate  the  telescope  till  such  time 
as  the  top  of  the  object  is  seen  in 
the  centre  of  the  cross  wires ;  so 
shall  the  degrees,  &c.  cut  on  the 
line  be  the  measure  of  the  angle 
of  elevation  required. 

THEOREM,  in  Geometry,  is  a 
proposition  in  which  some  truth  is 
proposed  to  be  demonstrated,  be- 
ing thng  distinguished  from  a  prob- 
lem, in  which  something  is  propon- 
ed to  be  done.    Proclus  defines 

A  Theorem,  something;  which  is 
proposed  to  be  demonstrated. 

A  Problem,  something  proposed 
to  be  done,  and 
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A  Porist^t  snmethitog  proposed  to 
ht  invesiigated. 

Oeometrical  ^hbobehs,  are  some- 
times divided  into  dilfereut  classes, 
as 

Litcal  Thsorev,  is  that  which 
relates  to  a  surface.  As,  that  tri- 
ancles  of  the  same  base  and  alii- 
tade  are  equal. 

Plane  Theorkm,  is  that  which 
relates  to  a  surface  that  is  either 
rectilinear,  or  bounded  by  the  cir- 
cumference of  a  circle.  As,  that 
ail  angles  ih  the  same  segment  of  a 
circle  are  equal. 

Solid  TuEOREM,  is  that  which 
considers  a  space  terminated  by  a 
Bolid  line,  tliat  is,  by  any  of  the 
three  conic  sections. 

Theorem,  in  Algebra,  is  nsed 
sometimes  to  denote  a  rule,  parti- 
cularly when  that  rule  is  express- 
ed by  algebraical  symbols,  or  for- 
mulafs ;  such  as  those  given  under 
the  tiniclva  Annuities,  Interest ,810. 

il/j:e6ra2ca/ Theorems,  have  also 
particular  denominations,  either 
from  the  subject  to  which  they  re- 
late, or  the  names  of  the  authors 
by  whom  they  were  invented. 

THEORY,  a  doctrine  which  ter- 
minates in  the  sole  speculation  or 
consideration  of  its  object,  without 
any  view  to  the  practice  or  appli- 
cation of  It. 

To  be  learned  in  an  art,  &c.  the 
theory  is  sufficient ;  to  be  a  master 
of  it,  both  the  theory  and  practice 
are  requisite. 

Machines  often  promise  very 
Well  in  theory,  but  fail  in  the 
practice. 

We  say  theory  of  the  moon,  the- 
ory of  the  rainbow,  of  the  micro- 
scope, of  the  camera  obscura,  &c. 

Theory  of  Numbers,  is  a  mo- 
dern branch  of  analysis,  which  has 
for  its  object  the  investigation  of 
certain  properties  of  numbers,  such 
as,  that  the  sum  of  two  odd  squares 
cannot  make  a  square  number; 
that  every  number  is  composed  of 
four  or  a  less  number  of  squares  ; 
that  the  sum  of  any  number  of  the 
odd  numbers  1,  3,  5,  7,  &c.  is  equal 
to  the  square  of  the  number  of 
terms  ;  that  the  sum  of  any  num- 
ber of  the  natural  cubes  1,  8,  27, 
&c.  is  a  square  number,  and  a 
great  variety  of  similar  properties 
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highly  interesting  to  the  specula- 
tive mathematician. 

Theory  of  the  Planets,  &c.  is  a 
system  or  hypothesis,  according  to 
which  astronomers  explain  the 
reasons  of  the  phenomena  or  ap> 
pearances  of  them. 

THERMOMETER,  an  instrument 
for  measuring  the  degree  of  heat 
or  cold  in  any  body.  The  inven- 
tion of  the  thermometer,  like  that 
of  the  telescope,  and  indeed  most 
other  useful  instrtnnents,  has  been 
claimed  by  different  philosophers. 
Thus  the  invention  is  ascribed  to 
Cornelius  Drebbet  of  Alcmar, 
about  the  beginning  of  the  17ih 
century,  by  his  countryman  Boer- 
haave  (Chem.  1,  p.  152,  156),  and 
Musschenbroeck,  (Introd.  ad  Phil. 
Nat.  vol.  ii.  p.  6^};  Fulgenzio,  in 
his  Life  of  Father  Paul,  gives  him 
the  honour  of  the  first  discovery  ; 
Vincenzio  Viviani  (ViU  de  1*  Galil. 
p.  67,  also  Oper.  di  Oalil.  pref.  p. 
47)  speaks  of  Galileo  as  the  inven- 
tor of  thermometers.  But  Sancto* 
rino  (Com.  in  Galen.  Art,  Med.  p. 
736,  S42;  Com.  in  Avicen.  Can. 
Fen.  1.  p.  22,  78,  219)  expre^ly  as- 
sumes to  himself  this  invention: 
and  IBorelli  (De  Mot.  Animal.  2 
prop.  175)  and  Malpighi  (Oper. 
Posth.  p.  30)  ascribe  it  to  him  with- 
out reserve.  Upon  which  Dr.  Mar- 
tine  remarks,  that  these  Florentine 
academicians  are  not  to  be  sus- 
pected of  partiality  in  favour  of 
one  of  the  Patavinian  school. 

But  whoever  was  the  inventor, 
the  first  form  of  this  instrument 
for  measuring  the  degrees  of  heat 
and  cold  was  the  air-thermometer. 
It  is  a  well  known  fact  that  air  ex- 
pands with  heat  so.  as  to  occupy 
more  space  than  it  does  when  cold, 
and  that  it  is  condensed  by  cold  so 
as  to  occupy  less  space  than  whea 
warmed,  and  that  this  expansion 
and  condensation  is  greater  or  less 
according  to  the  degree  of  heat  or 
cold  applied.  The  principle  then 
on  which  the  air-thermometer  was 
constructed  is  very  simple.  The 
air  was  confined  in  a  tnbe  by  means 
of  some  coloured  liquor;  the  li- 
enor rose  or  fell  according  as  the 
air  became  expanded,  or  condens- 
ed. What  the  first  form  of  the 
tube  was,  cannot  now,  perhaps,  be 
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valae  of  the  ihermom^ter  depends. 
He  chose,  as  fixed,  those  points  al 
which  water  freezes  and  boils  ;  the 
very  points  which  the  experiments 
of  succeeding  philosophers   have 
determined  Xo  be  .the  most  fixed 
and  convenient.    Sensible  of  the 
disadvantages  of  spirit  of  wine,  he 
tried   another   liquor,  which  was 
homogeneous  enough,  and  capable 
of  a  considerable  rarefaction,  se- 
veral  times  greater  than  spirit  of 
wine.   Tliis  was  Jinseed-oil.    It  has 
not  been  observed  to  freeze  even 
in  very  great  coJds,  and  it  bears  a 
Jieat  ver3'  much  greater  than  wa. 
jter  befqre  it  boils..  With  these  ad- 
vantages  it  was  made  use  of  by 
Sir  Isaac  Newton,  who  discovered 
liy  it  the   compai'ative  degree  of 
heat    for    boiling   water,  melting 
wax,  boiling   spirit  of  wine,   and 
melting  tin  ;  beyond  which  it  does 
not  appear  that  this  thermometer 
was  applied.    The  method  he  used 
for  adjusting  the  scale  of  this  oil- 
thermometer  was  as  follows :  sup- 
posing  the  bulb,  when  immerged  m 
thawing    snow,   to    contain   10,000 
paits,  he  found  the  oil  expand  by 
the  heat  of  the  human  body  so  as 
to  take  up  one  thirty-ninth  more 
space,  or  10,350  such  parts ;  and 
by  the  heat  of  water  boiling  strong- 
ly 10,729  ;  and  hy  the  heat  of  melt- 
ing tin  11,516.  So  that  reckoning  the 
frerzing  point  as  a  common   Ijmit 
between  heat  and  cold,  he'  began 
his  scale  there,  marking  it  0,  and 
the  heat  of  the  human  body  he 
made  12**;  and,  consequently,  the 
degrees  of  heat  being  proportional 
to   the  degrees  of  rarefaction,  or 
256  :  725  =  12  :  34,  this  number  34 
will   express  the  heat  of  boiling 
water;  and,   by   the  same  rule,  72 
that  of  melting  tin.     This  thermo- 
meter was  constructed  in  1701.   To 
the  application  of  oil  as  a  measure 
of  heal  and  cold  there  are  insupe- 
rable objections.     It  is  so  viscid, 
that  it  adheres  too  strongly  to  the 
sides  of  the  tube.   On  this  account 
^t  ascends  and  descends  too  slowly 
in   case  of  a  sudden  heat  or  cold. 
|n  a  sudden  cold,  so  great  a  por- 
tion remains  adhering  to  the  sides 
(if  the  lube  after  the  rest  has  sub- 
sided,  that  the    surface    appears 
lower  than  the  corresponding  tem- 
perature of  the  air  rcfluijEi^  An 
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oil-thermometer  is  therefore  not  a 
proper  measure  of  heat  and  cold. 
All  the  thermometers  hitherto  pro- 
posed were  liable  to  many  incon- 
reniencies,  lind  could  not  be  con* 
sidered    as    exact    standards    for  ' 
pointing  out  the  various  degrees  of 
temperature.    This  led  Reaunmr  to 
attempt  a  new  one,  an  account  of 
which  was  published  in  the  year 
1730,  in  the  Memoirs  of  the  Aca- 
demy of  Sciences.    This   thermo- 
meter was   made    with    spirit  of 
wine.    He  took  a  large  ball  and 
tube,  the  dimensions  and  capaci- 
ties  of  which    were   known;    he 
then  graduated  the  tube«  so  that 
the  space  from  one  division  to  an* 
other  might  contain  1,000th  part  of 
the  liquor  ;  the  liquor  containing 
1,000   parts  when  it  stood    at  the 
freezing  point.    He   adjusted  the 
thermometer  to  the  freezing  point 
by  an  artificial  congelation  of  wa- 
ter ;  then  putting  the   ball   of  his 
thermometer  and  part  of  the  tube 
into    boiling  water,   he    observed 
whether  it  rose  80  divisions ;  if  it 
exceeded  these,  he   changed  his 
liquor,  and  by  adding  water  lower- 
ed it,  till  upon  trial  it  should  just 
rise  60  divisions;  or  if  the  liquor, 
being  too  low,  fell  short  of  80  di^ 
visions,  he  raised  it  by  adding  rec- 
tified spirit  to  it.    The  liquor  thus 
prepared  suited  his  juirpose,  and 
served  for  making  a  thermometer 
of  any  size,   whose  scale   would 
agree  with  his  standard.  At  length 
a  different  fiuid  was  proposed,  by 
which     thermometers    could    be 
made  free  from  most  of  the  defects 
hitherto  mentioned.  This  fluid  was 
mercury,  and  seems  first  to  have 
occurred  to  Dr.  Halley,  but  was 
not  adopted  by  him  on  account  of 
its  having  a  smaller  degree  of  ex- 
pansibility than    the   other  fluids 
used  at  that  time. 

The  honour  of  this  invention  is 
generally,  given  to  Fahrenheit,  of 
Amsterdam,  who  presented  an  ac- 
count of  it  to  the  lloyal  Society  of 
London  in  1724.  Ihat  we  may 
judge  the  more  accurately  of  the 
propriety  of  employing  mercury, 
we  will  compare  its  qualities  with 
those  of  the  fluids  already  men- 
tinned,  air,  alcohol,  and  oil.  Air 
is  the  most  expansible  fluid,  but  it 
does  not  receive  nor  part  with  its 
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heat  90  qalckly  aumercnry.  Atco> 
liol  do«s  not  expand  ninch  by  heat 
In  iu  ordinary  state  it  does  not 
bear  mneh  greater  heat  than  17ft*  of 
Fahrenheit ;  but  when  highly  rec- 
tified it  can  bear  a  greater  degree 
of  cold  than  any  otlier  liqnor  hi- 
therto employed  as  a  measure  of 
temperature.  At  Hudson's  Bay, 
Mr.  Macnah,  by  a  mixture  of  vit* 
riolic  acid  and  snow,  made  It  to 
descend  to  00"  below  nothing  of 
Fahrenheit.  There  is  an  inconve* 
nience,  however,  attending  the  use 
of  this  liquor ;  it  is  not  possible  to 
get  it  always  of  the  same  degree 
of  strength.  As  to  oil,  its  expan- 
sion is  about  Ift  times  greater  than 
that  of  alcohol ;  it  sustains  a  heat 
of  000*,  and  its  frcexing  point  is  so 
low  that  it  has  not  been  determined; 
but  its  viscosity  renders  it  useless. 
Mercury  is  far  su|>erior  to  al- 
cohol and  oil,  and  is  much  more 
manageable  than  air.  1.  As  far  as 
the  ex|}erimenls  already  made  can 
deteimine,  it  is  of  all  the  flnids  hi- 
therto  employed  in  the  construction 
uf  thermometers,  that  which  mea* 
anres  most  exactly  equal  differ 
enceaof  heat  by  equal  differences 
of  its  bnlk  :  its  dilatations  are,  hi 
fact,  very  nearly  proportional  to 
the  augmentations  of  heal  applied 
to  it.  2.  Of  all  liquids  it  is  the 
mosteasily  freed  from  air.  .3.  It  is 
fitted  to  measure  hi);li  degrees  of 
lirat  uiid  cold.  It  bustains  a  heat 
uf  600'  of  Fuhrrnlieit's  scale,  and 
does  not  congeal  till  it  lalls  S9  or 
40°  below  0.  4.  It  is  the  most  sec- 
sible  of  any  fluid  to  heat  and  cold, 
even  air  not  excepted.  Count 
Rumford  found,  that  mercury  was 
heated  from  the  freezing  to  the 
boiling  point  in  ftS',  while  water 
took  i>»  121,  and  common  air  lO"'  and 
17'.  5.  Mercury  is  a  homogeneous 
ifluid,  and  every  portion  of  it  is 
equally  dilated  or  contracted  by 
cqual  variations  of  heat.  Any  one 
thermometer,  made  of  pure  mer- 
cury, is  ceteris  paribus,  possessed 
of  the  same  properties  with  every 
other  thermomeier  made  of  pure 
xnercury.  Its  power  of  expansion 
is,  indeed,  about  six  times  less 
than  that  of  spirit  ol  wine,  but  it  is 
great  enough  to  answer  most  of 
the  purposes  for  which  a  thernio- 
meter  is  wanted.  The  lixcd  uoiuis, 
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which  are  now  nnlTenally  cboMSi 
for  a4jastiDg  tbermometcrs  to  a 
scale,  and  to  one  another,  are  the 
boiling  and  freezing  water  jniati. 
The  boiling  water  point,  it  uwcll  i 
known,  is  not  an  Invariable  potat, 
but  varies  some  degrees,  aecordiaf 
to  the  weight  and  temperature  t( 
the  atmoepliere.  In  an  exhausted 
receiver,  water  will  boil  with  a 
heat  of  08*  or  lOQP  ;  whereas,  ia 
Papin's  digester,  it  will  acquire  a 
heat  of  41S*.  Hence  it  appean, 
that  water  will  boil  at  a  Town 
point,  according  to  iu  height  in 
the  atmcrsphere,  or  to  the  weight 
of  the  column  of  air  which  presui 
upon  it.  In  order  to  ensure  ani 
fdrmity,  therefore,  in  the  constnie* 
tiou  of  thermometers,  it  is  nov 
agreed,  tliat  the  bulb  of  the  tobe 
be  plunged  in  the  water  when  tt 
boils  violently,  the  barometer 
standing  at  80  English  inches,  and 
the  temperature  of  the  atau>> 
sphere  5r, 

As  artists  may  be  often  obliged 
to  a4jnst  thermometers  nnder  very 
different  pressures  of  the  atm» 
sphere,  philosophers  have  been  at 
pains  to  discover  a  general  rait 
which  might  be  applied  on  all  oe> 
casions.  M.  de  Luc,  from  a  serici 
of  experiments,  has  given  an  equa- 
tion for  the  allowance  on  accoimt 
of  this  difference,  in  Paris  mea- 
sure, which  has  been  veiified  by 
Sir  George  Schuckburg;  also  Dr. 
Horsley,  Dr.  Maskelync,  and  Sir 
George  Schuckburg,  have  adapted 
the  equation  and  rules  to  English 
measures,  and  have  reduced  the 
allowances  into  tables,  for  the  use 
ot  the  artists.  Dr.  Horsley*s  rule, 
deduced  from  De  Luc's,  is  this : 
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Where  h  denotes  the  height  of  a 
thermometer  plunged  in  boiling 
water  above  the  point  of  melting 
ice,  in  degrees  of  Bird's  Fahren- 
heit, and  z  the  height  of  the  baro- 
meter in  lOihs  of  an  inch.  From 
this  rule  he  has  computed  the  fol- 
lowing table,  for  finding  the 
heights  to  which  a  gtx.d  Bird's 
Falirenheit  will  rise,  when  plunged 
in  boiling  water,  in  all  states  of 
the  barometer,  from  27  to  3j  Eng- 
lioh  Jttches;    which    will     seivci 


4 


T  H  E T  H  E 


among  other  uses,  to  direct  instru* 
nient  makers  in  making  a  true 
allowance  for  the  effect  of  the  va- 
riation ot  the  barometer,  if  tliey 
should  be  obliged  to  finish  a  ther- 
mometer at  a  time  when  the  baro- 
meter is  above  or  below  30  inches; 
though  it  is  best  to  fix  the  boiling 
point  when  the  barometer  is  ai 
that  height. 

Equation  of  the  Boiling  Point. 


Barometer. 

Equation. 
+1.57 

Difference. 

31.0 

0.78 

30.5 

+0.79 

0*79 

30.0 

0.00 

0.80 

29.5 

—0.80 

0.82 

29.0 

—1.62 

0.83 

28.5 

—2.45 

0.85 

28.0 

—3.31 

0.86 

27.5 

-4.16             0.88       1 

27.0 

—5.04                           .1 

Tlie  numbers  in  the  first  column 
of  this'  table  express  heights  of 
the  quicksilver  in  the  barometer, 
in  English  inches  and  decimal 
parts  :  the  second  column  shows 
the  equation  to  be  applied,  accord- 
ing to  the  sign  prefixed  to  212°  of 
Bird's  Fahrenheit,  to  find  the  true 
boiling  point  for  every  such  state 
of  the  barometer.  The  boiling 
point,  for  all  intermediate  states 
of  the  barometer,  may  be  had, 
vrith  sufficient  accoracy,  by  taking 
proportional  parts,  by  means  of 
the  third  column  of  differences  of 
the  equations. 

The  method  of  constructing 
Fahrenheit's  thermometer,  which 
is  now  in  general  use  in  this,  coun- 
try, is  the  following :  a  small  ball 
is  blown  on  the  end  of  a  glass  tube, 
of  an  uniform  width  throughout. 
The  ball  and  part  of  the  tube  are 
then  to  be  filled  with  quicksilver, 
which  has  been  previously  boiled 
to^expel  the  air.  The  open  end  of 
the  tube  is  then  to  be  hermetrically 
sealed.  The  next  object  is  to  con- 
struct the  scale.  It  is  found,' by 
experiment,  that  melting  snow,  or 
freezing  water,  is  always  at  the 
same  temperature.  If,  therefore, 
a  thermometer  be  immersed  in 
the  one  or  the  other,  the  quick- 
silver will  always  stand  at  the 
same  point.  It  has  been  observed, 
too,  that  water   boils  under   the 


same  pressure  of  the  .atmonphere 
at  the  same  temperature.  A  ther- 
mometer, theretore,  immersed  in 
boiling  water,  will  uniformly  stand 
at  the  same  point.  Here,  then, 
are  two  fixed  points,  from  which 
a  scale  may  be  constructed,  by 
dividing  the  intermediate  space 
into  equal  parts,  and  carrying  the 
same  divisions  as  far  above  and 
below  the  two  fixed  points  as  may 
be  wanted.  Thus,  thermometers 
constructed  in  this  way  may  be 
compared  together;  for  if  they  are 
accurately  made,  and  placed  in 
the  same  temperatuie,  they  will 
always  point  to  the  same  degree 
on  the  scale.  The  fluid,  as  we 
have  seen  employed,  is  quicksil- 
ver, and  it  is  found  to  answer  best, 
because  its  expansions  are  most 
equable.  The  freezing  point  of 
Prthrenheit'a  thermometer  is  mark- 
ed 32>,  and  the  reason  of  this  is 
said  to  have  been,  that  this  arlint 
thought  that  he  had  produced  the 
greatest  degree  of  cold,  by  a  mixr. 
inre  of  snow  and  salt  ;  and  the 
piiint  at  which  the  thermometer 
then  stood,  in  this  temperature, 
was  marked  zero,.  The  boiling 
point  ill  this  thermometer,  is  212°, 
and  the  intermediate  space  be- 
tween the  boiling  and  fre'czing 
points,  i4  therefore  divided  into 
180°.  This  is  the  thermometer  that 
is  commonly  used  in  Britain. 

Ill  determining  the  choice  of 
tubes,  it  is  best  to  have  them  exact- 
ly cylindric  through  their  whole 
length.  Capillary  tubes  are  pre- 
ferable to  others,  because  they  re- 
quire less  bulbs,  and  they  are  alsQ 
less  brittle,  and  more  sensible. 
Those  of  Uie  most  convenient  size 
for  common  experiments  are  such 
as  have  their  internal  diameter 
about  the  fourth  of 'a  line;  and 
those  made  of  thin  glass  ^re.  better 
than  others,  as  the  rise  and.  fall. of 
the  mcrct/ry  may  be  more. dis^ 
tinctly  perceived.  The  length. ojt 
nine  incnes  will  serve  for  air  com- 
mon occasions  ;  but  for  parlicalar 
purposes  the  length  both  of  the 
tubes  and  of  the  divisions  should 
be  adapted  to  the  uses  for  whioll- 
they  are  designed. 

In  determining  the  best  size  of 
the    halls    or    bulbs,  41    has    been 
usual  to  coiiipare  new  tubes  with 
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not  have  recourse  to  a  bard  solid 
body  to  account  for  the  effects 
comuiunly  attiibuled  to  the  thun- 
derboU,  will  be  evident  to  any 
one  who  considers  those  of  gun- 
powder,  and  the  several  chemical 
lulminaiing  powders;  but  more 
especially  the  astonishing  powers 
of  electricity,  when  only  collected 
and  employed  by  human  ait,  and 
much  more  when  directed  and 
exercised  in  the  course  of  nature. 
TIDES,  two  periodical  motions 
of  the  waters  of  the  sea  every 
M  hours  ;  called  also  the  Jlux  and 
r^ux,  or  the  ebb  wndjlow, 

1.  The  waters  of  the  sea  alter- 
nately approach  to,  and  recede 
from,  our  shores.  This  b  produced 
by  an  elevation  and  subsequent  de- 
pression of  the  surface  of  the  ocean 
between  determinate  limits,  which 
are  those  of  liigh>water  and  low* 
water.  The  interval  between  two 
high-waters  is  about  13^  25^,  the 
lialf  of  the  moon's  daily  circuit 
round  the  earth  ;  so  that  we  have 
two  tides  of  flood  and  two  of  ebb 
in  24*  Sa>,  a  period  which  may  be 
called  a  lunar  day.  The  gradual 
subsidence  of  the  water  is  such, 
that  the  square  of  the  heights  are 
nearly  as  the  squares  of  the  times 
from  high-water.  The  same  may 
be  said  of  the  subsequent  rise  of 
the  water  in  the  next  flood.  The 
lime  of  low-water  is  nearly  half 
way  between  the  two  hours  of  high- 
water;  not  indeed  exactly,  for  it 
is  generally  observed  that  the 
flood-tide  commonly  takes  10  mi 
nutes  less  than  the  ebb-tide. 

2.  The  tides  have  a  particular 
reference  to  the  position  and 
phases  of  the  moon ;  tor  it  is 
always  high-water  when  the  moon 
is  on  a  deterniinale  point  of  the 
compass  (S.  W.  nearly)  and  the 
highest  tides  happen  about  the 
time  of  the  full  or  change.  At 
Brest,  where  an  accurate  register 
of  the  phenomena  of  the  lides  was 
made  about  the  beginning  of  the 
last  century,  ii  was  observed  that 
the  liighest  tide  happens  about  a 
day  and  a  half  after  full  or  change. 
If  the  time  of  high-water  happen 
at  the  very  time  of  the  new  or  full 
inoon,  the  third  high-water  after 
that  is  the  highest  of  all :  this  is 
BJ^led  the  Sprpig-tide,    From  this 
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period  the  tides  gradaally  de> 
crease,  until  the  third  high-water 
after  the  moon's  quadrature,  whicli 
is  the  lowest  of  all,  and  is  called 
the  NeapMde.  After  this  the  tides 
increase,  until  the  next  s|>ring-tide» 
and  so  on  continually.  The  higher 
the  tide  of  flood  rises,  the  lower 
the  ebb-tide  generally  sinks  on 
that  day.  The  total  magnitude  of 
the  tide  is  estimated  by  the  differ- 
ence of  high-water  and  low-water. 

3.  The  tides  have  also  a  refer* 
ence  to  the  distance  of  the  moon 
from  the  earth,  being  so  much  the 
greater  as  tlie  moon  is  nearer.  Tbe 
highest  spring-tides  happen  when 
the  moon  is  in  perigee;  and  the 
next  spring-tide  is  the  smallest, 
because  then  the  moon  is  nearly 
in  am^ee.  This  makes  a  difference 
of  9f  feet  from  the  medium  height 
of  the  spring-tide  at  Brest,  and, 
therefore,  a  difference  of  ft^  fee( 
between  the  greatest  and  least. 

4.  The  tides  also  depend  on  the 
sun's  distance,  but  not  so  much  as 
on  that  of  the  moon.  In  our  win- 
ter the  spring-tides  are  greater 
than  in  summer,  and  the  neap* 
tides  smaller. 

6.  The  tides  depend  very  mach 
upon  the  position  of  the  sun  and 
moon  in  respect  of  the  equator. 
The  plienomena,  however,  are 
more  intricate  than  those  we  have 
already  described. 

6.  All  the  phenomena  are  modi- 
fied by  the  latitude  of  the  place 
of  observation  ;  and  some  happen 
in  high  latitudes,  which  are  not 
at  all  seen  near  the  equator.  In 
particular,  when  the  observer  and 
moon  are  both  on  the  same  side  of 
the  equator,  the  tide  which  hap- 
pens when  the  moon  is  ab^ve  the 
horizon,  is  greater  than  that  which 
happens  on  the  same  day  when 
she  is  below  it;  and  the  contrary 
happens  when  the  observer  and 
the  moon  are  on  opposite  sides  of 
the  equator.  If  the  observer's  dis. 
tance  from  the  pole  be  equal  to 
the  moon's  declination,  he  will  see 
but  one  tide  in  the  day,  coniaiuing 
12  hours  flood,  and  12  hours  ebb. 

7.  Ail  tl.e  phenomena  we  have 
described  are  greatly  modified  by 
local  circumstances;  such  as  the 
position  of  the  shores,  tlie  width  of 
the  channels  through   which  the 
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t^&t^rs  pMS,  the  extent  of  the  teas, 
winds,  dec. 

If  the  parts  of  the  earth  gravitate 
towards  iu  centre;  then  as  this 
gravitation  far  exceeds  the  action 
of  the  moon,  and  much  more  ex- 
ceeds the  difference  of  her  actions 
on  different  parts  of  the  earth,  the 
effect  that  results  fro^n  the  in- 
equalities of  these  actions  Of  the 
moon,  will  be  only  a  small  dimi- 
nution of  the  gravity  of  those 
parts  of  the  earth  which  it  en- 
deavoured in  the  former  supposi- 
tion to  separate  from  its  centre ; 
that  Is,  those  parts  of  the  earth 
which  afe  nearest  to  the  moon, 
and  those  that  are  farthest  from 
her,  will  have  their  gravity  to- 
ward the  earth  somewliat  abated; 
to  say  nothing  of  the  lateral  parts. 
So  that  supposing  ihe  earth  fluid, 
the  columns  '  from  the  centre  to 
the   nearest    and   to   the   farthest 

Earts  must  rise,  till  by  their  greater 
eight  they  be  able  to  balance 
the  other  columns,  whose  gravity 
is  less  altered  by  the  inequaliiies 
of  the  moon's  action.  And  tlius 
the  figure  of  the  earth  must  still 
be  an  oblong  spheriod* 

Let  us  next  consider  the  earth, 
instead  of  fulling  toward  the  moon 
by  its  gravity,  as  projected  in  any 
direction,  so  as  to  move  round  the 
centre  of  gravity  of  the  earth  and 

fi .  moon :  it  is  evident  that  in  this 
.  &  case,  the  several  parts  of  the  f)nid 
▼  earth  will  still  preserve  their  re- 
lative positions;  and  the  figure  of 
the  earth  will  remain  the  same  as 
if  it  fell  freely  toward  the  moon  ; 
that  is,  the  earth  will  still  assume 
a  spheroidal  form,  having  its 
''  longest  diameter  directed  toward 
the  moon. 

From  the  above  reasoning  it  ap- 
pears, that  the  parts  of  the  earth 
directly  under  the  moon,  and  also 
the  opposite  parts,  will  have  the 
flood  or  high-water  at  the  same 
time ;  while  the  parts,  at  90**  dis- 
tance, or  where  tne  moon  appears 
Sn  tlie  horizon,  will  have  the  ebbs 
or  lowesl  waters  at  that  time. 

Hence,  as  the  earth  turns  round 
its  axis  from  the  moon  to  the 
moon  again  in  24  hours  48  minutes, 
tttis  oval  of  water  mast  shift  with 
it;  and  thus  there  will  be  two 
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tides  of  flood  and  twaf  of  ebb  iff 
that  time. 

But  it  is  farther  evident,  that  by 
the  motion  of  the  earth  od  lier 
axis,  the  most  elevated  part  of  the 
water  is  carried  beyond  the  mooii 
in  the  direction  of  the  rotation.  Su 
that  the  water  continues  to  rise 
after  it  has  passed  directly  under 
the  moon,  though  the  immediate 
action  of  the  mooon  there  begins 
to  decrease,  and  comes  not  to  its 
greatest  elevation  till  it  has  got 
about  half  a  quadrant  farther.  It 
continues  also  to  descend  after  it 
has  passed  at  OdP  distance  (rotA  the* 
point  below  the  moon,  to  a  like 
distance  of  about  half  a  quadrant. 
Tlie  greatest  elevation  therefore  iar 
not  in  the  line  drawn  through 
the  centres  of  the  earth  and  moon, 
nor  the  lowest  points  where  the 
moon  appears  in  the  horizon,  but 
all  these  about  half  a  quadrant 
removed  eastward  from  theser 
points,  in  the  direction  of  the  mo^ 
tion  of  rotation.  Thus  in  open 
seas,  where  the  water  flows  freely, 
the  moon  M  is  generally  past  the 
north  and  south  niei'idian,*as  at  p, 
when  the  high-water  is  at  Z  and  at 
n  .*  the  reason  of  which  is  plain,  be- 
cause the'moon  acts  with  the  same 
force  after  she  has  passed  the  me- 
ridian, and  thus  adds  to  the  librsp 
tory  or  waving  motion,  which  the 
water-  acquired  when  she  was  in 
the  meridian;  and  therefore  the 
time  of  high-water  is  not  precisc4y 
at  the  time  of  her  coming  to  th«r 
meridian,  but  some  time  after,  &c« 

Besides,  the  tides  answer  not  al-' 
ways  to  the  same  distanc'e  of  the 
moon,  from  the  meridiani  et  the 
same  places ;  but  are  varionsly  af' 
fected  by  the  action  of  the  snn^ 
which  brmgs  them  on  sooner  when 
the  moon  is  in  her  first  and  third 
quarters,  and  keeps  them  bachi 
later  when  she  is  in  her  second 
and  fourth  ;' because,  in  the  former 
case,  the  tide  r4ised  by  the  sun 
alone  would  be  earlier  than  the 
tide  raised  by  the  moon,  and  in 
the  latter  case  later. 

2.  We  have  iiitherto  adverted 
only  to  the  action  of  the  moon  in 
prodncing  tides ;  but'it  u  manifest 
that,  for  the  same  reasons,  the  in- 
equality  of  the  sun's  action  on  dif 
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ferent  parts  of  tiie  earih  would 
produce  a  like  effect,  and  a  like 
variation  from  the  exact  spherical 
figure'  of  a  fluid  earth.  So  that  in 
reality*  there  are  cwo  tides  every 
natural  day,  from  tlie  action  of 
the  sun,  a»  there  are  in  the  lunar 
day  from  that  of  the  moon,  snhject 
to  the  same  laws;  and  the  lunar 
tide,  as  we  have  observed,  is 
somewhat  chanced  by  the  action 
of  tiic  sun,  and  the  change  varies 
every  day,  on  account  of  the  in- 
equality  between  the  natural  and 
the  lunar  day.  Indeed,  the  effect 
of  the  sun  in  producing  tides,  be- 
cause of  his  ininiei^e  distance, 
must  be  considerably  less  than 
that  of  the  moon,  though  the  gra^ 
vity  toward  the  sun  be  much 
greater :  for  it  is  not  the  action  of 
the  sun  or  moon  itself,  but  the  in- 
equalities in  that  action,  that  have 
any  elTect ;  the  sun's  distance  is  so 
great,  ti)at  tlie  diameter  of  ttie 
earth  is  but  as  a  point  in  compaii- 
son  with  it,  and  therefore  tlie  dif* 
ference  between  the  sun's  actions 
OQ  the  nearest  and  farthest  parts, 
becomes  vastly  less  than  it  would 
be  if  the  sun  were  as  near  as  the 
moon.  However,  the  immense 
balk  of  the  sun  makes  the  effect 
still  sensible,  even  at  so  great  a 
distance;  and,  therefore,  though 
the  action  of  the  moon  has  the 
greatest  share  in  producing  the 
tides,  the  action  of  the  sun  adds 
sensibly  to  it  when  they  conspire 
together,  as  in  the  full  aud  change 
of  the  moon,  when  they  are  near- 
ly  in  the  same  line  with  the  centre 
of  the  earth,  and  therefore  unite 
their  forces ;  consequently,  in  the 
*yzygies,  or  at  new  and  full  moon, 
the  tides  are  the  greatest,  being 
what  are  called  the  spring-tides. 
But  the  action  of  the  sun  diminishes 
the  effect  of  the  moon's  action  in 
the  quarters,  because  the  one  raises 
the  water  in  that  case  where  the 
moon  depresses  it;  therefore  the 
tides  are  the  least  in  the  quadra* 
tores,  and  are  called  neap^des. 

Newton  has  calculated  the  ef- 
fects of  the  sun  and  moon  respec- 
tively upon  the  tides,  from  their 
attractive  powers.  The  former  lie 
finds  to  be  to  the  force  of  gravity, 
as  1  to  12868200,  and  to  the  centri- 
fugal force  at  the  equator  as  1  to 
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44527.  The  ele^mtion  of  the  waterf . 
by  this  force  is  considered  by' 
Newton  as  an  effect  similar  to  the 
elevation  of  the  equatorial  parts, 
altove  the  polar  parts  of  the  earth« 
arising  from  the  centrifugHl  furce 
at  the  equator;  and  as  it  is  445^ 
times  less,  he  finds  it  to  be  34^ 
inches,  or  2  feet  and  ^  an  inch. 

To  find  the  force  of  the  moon 
upon  the  water,  Newton  compares 
the  spring-tides  at  the  mouth  of 
the  river  Avon  below  Bristol,  with 
the  neap-tides  there,  and  finds  the 
proportion  as  0  to  5;  whence,  after 
several  necessary  corrections,  he 
concludes  that  the  force  of  the 
moon  to  that  of  the  sun,  in  raising 
the  waters  of  tlie  ocean,  is  as 
4.4815  to  1 ;  so  that  the  force  of  the 
moon  is  able  of  itself  to  producean 
elevation  oi  9  feet  If  inch,  and 
the  SUM  and  moon  together  njay 
produce  an  elevation  of  about  II. 
feet  C  inclu's,  when  at  their  mean 
dislaiu-es  fVorn  the  earth,  or  an 
elevation  of  about  I'if  feet,  when 
the  moon  is  nearest  the  earth.  Tlie 
hcigiit  to  which  the  water  is  found 
to  rise  upon  coasts  of  the  open  and 
deep  ocean,  is  agreeable  enough  to 
this  computation. 

3.  It  nmst  be  tibservcd,  tliat  the 
spring-tides  do  not  Happen  precise- 
ly at  new  and  full  moon,  nor  the 
neap-tides  at  the  quarters,  but  a 
day  or  two  after,  because,  as  in 
other  cases,  so  in  this,  the  effect  is 
not  greatest  or  least  when  the  im- 
mediate influence  of  the  cause  is 
greatest  or  least.  As  e.  g*  the 
greatest  heat  is  not  on  the  solstitial 
day,  when  tlie  immediate  action  of 
the  sun  is  greatest,  but  some  time 
after. 

That  this  may  be  more  clearly 
understood,  let  it  be  considcrea, 
that  though  the  actions  of  the  sun 
and  muon  were  to  cease  this  mo- 
ment, yet  the  tides  would  cou* 
tinue  to  have  their  course  for  some 
time;  for  the  water,  where  it  is 
now  highest,  would  subside,  and 
flow  down  on  the  parts  that  are 
lower,  till,  by  the  motion  of  de< 
scent,  being  there  accumulated  to 
too  great  a  height,  it  would  neces- 
sarily return  again  to  its  first  place, 
though  in  a  less  measure,  being  re. 
tarded  by  the  resistance  arising 
from  the  attraction  of  its  parts. 
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Thus  It  wonld  for  some  time  con- 
tinne  in  an  agitation  like  to  that  in 
which  it  is  at  present.  The  wav^s 
of  the  sea,  that  continue  after  a 
storm  ceases,  and  every  motion 
almost  of  a  fluid*  may  Illustrate 
this. 

4.  The  different  distances  of  the 
moon  fiiom  the  earth  produce  a 
sensible  variation  in  the  tides. 
When  the  moon  approaches  the 
earth,  her  action  on  every  part  in- 
creases,  and  the  differences  of  that 
action,  on  which  the  tides  depend, 
increase.  For  her  action  increases 
as  the  squares  of  the  distances  de- 
crease ;  and  though  the  differences 
of  the  distances  themselves  be 
equal,  ^^et  there  is  a  greater  dis- 

ftroportion  betwixt  the  squares  of 
ess,  than  the  squares  of  greater 
quantities;  e.  g,  3  exceeds  2  as 
much  as  2  exceeds  1,  but  the 
square  of  2  is  quadruple  of  the 
square  of  1,  whilst  the  square  of  3 
(viz.  9)  is  little  more  than  double 
the  square  of  2  (viz.  4). 

Thus  it  appears,  that  by  the 
moon's  approach,  her  action  on 
the  nearest  parts  increases  more 
quickly  than  her  action  on  the  re- 
mote  parts;  and  tiie  tides,  there- 
fore, increase  in  a  higher  propor- 
tion as  the  distances  of  the  moon 
decrease.'  Sir  Isaac  Newton  shows, 
that  the  tides  increase  in  propor- 
tion as  the  cubes  of  the  distances 
decrease,  so  that  the  moon,  at  half 
her  present  distance,  would  pro- 
duce a  tide  eight  times  greater. 

The  moon  describes  an  ellipse 
about  the  earth,  and  in  her  nearest 
distance  produces  a  tide  sensibly 
greater  thaa  at  her  greatest  dis- 
tance from  the  earth  :  and  hence 
it  is,  that  two  great  spring-tides 
never  succeed  each  other  imme- 
diately ;  for  if  the  moon  be  at  her 
nearest  distance  from  the  earth  at 
the  change,  she  must  be  at  her 
greatest  distance  at  the  full,  hav- 
ing in  the  intervening  time  finished 
half  a  revolution ;  and,  therefore, 
the  spring-tide  then  will  be  much 
less  than  the  tide  at  the  change 
was :  and  for  the  same  reason,  if  a 
great  spring-tide  happens  at  the 
time  of  full  moon,  the  tide  at  the 
ensuing  change  will  be  less. 

9.  The  spring-tidcM  are  greatest 


i,e.  about  the  latte/  end  of  Ifarrfl 
and  September,  and  least  abtnii 
the  lime  of  the  solstices,  Le.  to- 
ward the  end  of  June  and  Decem- 
ber; and  the  neap-tides  arc  least 
at  the  equinoxes,  and  greatest  at 
the  solstices ;  so  that  the  difference 
betwixt  the  spring  and  the  neap- 
tides,  is  much  lesfe  considerable  at 
Uie  solstitial  than  at  the  equinoc- 
tial seasons.  In  order  to  illustrate 
and  evince  the  truth  of  this  obser- 
vation, it  is  manifest,  that  if  either 
the  sun  or  moon  was  in  the  pole, 
they  could  have  no  effect  on  the 
tides,  for  their  action  wonld  raise 
all  the  water  at  the  equator  to  the 
same  height ;  and  any  place  of  the 
earth,  in  describing  its  parallel  to 
the  equator,  wonld  not  meet,  in  >:s 
course,  with  any  part  of  the  water 
more  elevated  than  another,  so 
that  there  could  be  no  tide  in  any 
place. 

0.  The  effect  of  the  sun  or  moon 
is  greatest  when  in  the  equinoc- 
tial;  for  then  the  axis  of  the  sphe- 
roidal figure,  arising  from  their 
action,  moves  in  the  greatest  cir- 
cle, and  the  water  is  put  into  the 
greatest  agitation ;  and  hence  it  is 
that  the  spring-tides  produced, 
when  the  sun  and  moon  are  both 
in  the  equinoctial,  are  tlie  greatest 
of  any,  and  the  neap-tides  are  the 
least  of  any  about  that  time. 

But  the  tides  produced  when 
the  sun  is  in  eitlier  of  the  tropics, 
and  the  moon  in  either  of  her  quar- 
ters, are  greater  than  those  pro- 
duced when  the  sun  is  in  the  equi> 
noctial,  and  the  moon  in  her  quar- 
ters, because,  in  the  first  case,  the 
moon  is  in  the  equinoctiul ;  and, 
in  the  latter  case,  the  moon  is  in 
one  of  the  tropics ;  and  the  tide 
depends  more  on  the  action  of  the 
moon  than  on  that  of  the  sun,  and 
is,  therefore,  greatest  when  the 
moon's  action  is  greatest. 

However,  it  is  necessary  to  ob- 
serve, that  because  the  sun  is 
nearer  the  earth  in  winter  than  in 
summer,  the  greatest  spring- tides 
are  after  the  autumnal,  and  before 
the  vejrnal  equinox. 

7.  Since  the  greatest  of  the  two 
tides  happening  in  every  diurnal 
revolution  of  the  moon  is  that 
wherein  the  moon  is  nearest  the 


about  the  time  of  the  equinoxes,  zeoilb,  or  nadir ;  for  this  reason. 
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while  the  sun  Is  in  the  nonhern 
Mgiift,  the  prealer  of  the  two  diur* 
iial  tides  in  our  climates  is  that 
ansnig  Iront  the  moon  atx>ve  tlie 
htnizon;  when  the  sun  is  in  the 
southern  signs,  the  greatest  is  that 
aibingfrom  the  moon  below  the 
horiaon. 

In  proof  of  this  observation)  let 
it  be  considered,  that  when  the 
moon  declines  from  the  equator 
toward  either  pole,  one  of  the 
greatest  elevations  of  the  water 
follows  tlie  luoon,  and  describes 
nearly  the  parallel  on  the  earth's 
sarface  which  is  under  that  which 
the  moon,  on  account  of  the  diur* 
nal  motion,  seems  to  describe ; 
and  the  opposite  greatest  eleva* 
tion,  being  antipodal  to  that,  mast 
describe  a  parallel  as  far  on  the 
other  side  mf  the  equator;  so  that 
while  the  one  moves  on  the  north 
side  of  the  equator,  the  other 
moves  on  tlie  south  side  of  it,  at 
the  same  distance. 

Such  are  the  general  principles 
on  which  these  interesting  pheno- 
mena depend.  But  it  may  be  ex- 
pedient to  touch  upon  a  few  of 
the  more  particular  appearances, 
which  at  first  sight  appear  to  con- 
tradict some  parts  of  the  preceding 
theory.  Now,  it  is  evident,  that 
to  allow  the  tides  their  full  motion, 
the  ocean  in  wliicii  they  are  pro- 
duced ought  to  be  extended  fi'oin 
cast  to  west  90  degrees  at  least ; 
because  that  is  tlie  distance  be- 
tween the  places  where  the  water 
is  most  raised  and  depressed  by 
the  moon.  Hence  il  appears,  that 
it  is  only  in  the  great  oceans  that 
such  tides  can  be  produced,  and 
why  in  the  larger  Pacific  ocean 
they  exceed  those  in  the  Atlantic 
ocean.  Hence  also  it  is  obvious, 
why  the  tides  are  not  so  great  in 
the  torrid  zone,  between  Africa 
and  America,  w^here  the  ocean  is 
narrower,  as  in  the  temperate 
2ones  on  either  side ;  and  hence 
we  may  also  understand  why  the 
tides  are  so  small  in  islands  that 
are  very  far  distant  from  the 
shores.  It  is  farther  manifest,  that 
in  the  Atlantic  ocean,  the  water 
cannot  rise  on  one  shore  but  by 
descending  on  the  other ;  so  that 
at  the  intermediate  islands  it  must 
continue  at  a  mean  height  between 
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its  elevatitms  on  those  two  shores. 
But  when  tides  pass  over  shoaU 
and  thi-ough  straits  into  bays  of 
the  sea,  their  motion  becomea 
more  various,  and  their  height 
depends  on  many  circumstances. 

To  be  more  particular.    The  tide 
that  is  produced  on  the  western 
coasts  of  Europe,  in  the  Atlantic^ 
corresponds  to  the  situation  of  the 
moon  already  described.    Thns  it 
is    higb*water    on     the   western 
coasts  of  Ireland,  Portugal,   and 
Spain,  about  the  third  hour  after 
the  moon  has  passed  the  nieiidian : 
from  thence  it  flows  into  the  suija- 
cent  channels,  as  it  finds  the  easiest 
passage..  One  current  from  it,  for 
instance,  runs  up  by  the   south  of 
England,  and  another  comes  in  by 
the  north  of  Scotland ;  they  take 
a  considerable  time  to  move  all 
this  way,  making  always  high  wa* 
ter  sooner  in  the  places  to  which 
they  first  come ;  and  it  begins  to 
fall  at  these  places  while  the  car? 
rents  are  still  goin^  on  to  others 
that  are  farther  distant  in  their 
course.    As  they  return,  they  are 
not  able  to  raise  the  tide,  because 
the  water  runs  faster  off  than  it 
returns,  till,  by  a  new  tide  propa^ 
gated  from  the  open  ocean,  the 
return  of  the  current  is  stopped, 
and  the  water  begins  to  rise  again. 
The  tide  propagated  by  the  moon 
in  the  German  ocean,  when  she  is 
three    hours    past    the    meridian, 
takes  twelve  hours  to  come   from 
thence  to  London  bridge ;  so  that 
when  it  is  high-water  there,  a  new 
tide  is  already  come  to  its  height 
in  the  ocean;  and   in  some  inter- 
mediate  place  it  must  be  low-wa- 
ter  at  the  same  time.  Consequently 
when  the  moon  has  north  declina- 
tion, and   we  should   expect  the 
tide  at  London  to  be  the  greatest 
when  the  moon   is  above  the  hori- 
zon, we  find  it  is  least ;  and  the 
contrary  when  she  has  south  de- 
clination. 

At  several  places  it  is  high-water 
three  hours  before  the  moon  comes 
to  the  meridian ;  but  that  tide, 
which  the  moon  pushes  as  it  were 
before  her,  is  only  the  tide  oppo- 
site to  that  which  was  raised  by 
her  when  she  was  nine  hours  pa^t 
the  opposite  meridian. 
It  would  be  endless  to  recount 
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all  the  particnlar  solutions,  which 
are  easy  consequences  from  this 
doctrine;  as,  why  the  lakes  and 
seas,  sucii  asi  the  Caspian  sea  and 
the  Mediterranean  sea,  Uie  Black 
sea  and  the  Batiic,  have  Utile  or 
no  sensible  lides:  for  lakes  are 
usually  so  small,  that  when  the 
moon  is  vertical  she  attracts  every 
part  of  them  alike,  so  that  no  part 
of  the  water  can  be  raised  higher 
than  another;  and  having  no  com- 
munication with  the  ocean,  it  can 
neither  increase  nor  diminish  their 
water,  to  make  it  rise  and  fall ; 
and  seas  thatcoramanicate  by  such 
narrow  inlets,  and  are  of  so  im- 
mense an  extent,  cannot  speedily 
receive  and  emptjr  water  enough 
to  raise  or  sink  their  surface. 
-  Sir  R.  Phillips  ascribes  the  cause 
of  this  very  remarkable  phenome- 
non to  the  re-action  of  the  earth 
and  moon,  denying  altogether  the 
■principle  of  attraction.  '*  The 
tides  (says  he,)  are  simple  and  pal- 
.pable  phenomena  of  motion,  and 
■these  motions  of  the  waters  are  a 
necessary  consequence  of  other 
motions.  To  prove  that  the  motions 
of  the  waters,  and  their  regular 
variations,  are  caused  by  the  mo- 
tions of  tlie  earth,  and  by  known 
and  re|;alar  changes  in  those  mo* 
tions.  It  is  necessary  to  consider 
the  motions  of  the  earth  and  the 
variations  which  take  place  in  its 
position,  relatively  to  the  &un  and 
moon ;  and  to  shew  that  the  effect 
and  the  sufficient  causes  are  al- 
ways coincident. 

1.  The  earth  and  moon  move 
round  a  centre  of  their  momenta, 
or  their  mechanical  fulcrum. 

2.  The  fulcrum  alone  describes 
the  uniform  or  true  orbit  round  the 
sun,  and  in  it  lies  the  centre  of  the 
.solar  forces,  on  the  system  of  the 
two  bodies  of  the  earth  and 
moon. 

3.  When  the  moon  is  in  its  quar- 
ters, or  half  illumined,  then  the 
earth,  the  moon,  and  the  fulcrum 
are  all  in  the  line  of  the  orbit,  and 
then  only. 

4.  When  the  moon  is  perform- 
ing the  superiour  part  of  its  orbit, 
then  the  earth  describes  an  in- 
feriour  orbit,  nearer  the  sun  than 
the  fulcrum.    And  vice  versd, 

5.  The  fulcrum  is  constantly  in 
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the    right    line,    which  joins   the 
centres  of  the  earth  and  moon. 

6.  The  earth  also  revolves  si- 
multaneously on  its' axis. 

7.  The  lever  which  communi- 
cates the  motions  of  the  earth  and 
moon  to,  each  othtir,  is  the  gas, 
which  tills  space. 

S.  But  as  gas  radiates  motion,  the 
arms  of  this  gaseous  lever  are  of 
such  length,  that  their  squares 
multiplied  by  tJie  masses  are  equal. 
I.e.  the  fulcrum  is  about  20,000 
utiles  from  the  centre  of  the  earth  ; 
and,  to  this  distance  on  each  side 
of  the  true  orbit,  the  earth  is  im- 
pelled by  the  re-action  of  the  moon, 
at  the  conjunction  and  opposition. 

9.  The  earth  too  is  not  a  homo^ 
geneous  sphere  of  waters,  but  its 
great  oceans  are  separated  by  the 
two  continents,  stretching'  from 
north  to  south. 

10.  The  miixinium  of  the  solar 
forces,  which  carries  round  the 
earth  and  moon,  is  concentrated 
and  adjusted  in  the  fulcrum  ;  and 
this  is  an  essential  characteristic 
of  this  fulcrum  as  a  fulcrum. 

These  facts  being  understood 
(and  they  are  recognized  by  every 
system  of  astronomy),  it  will  nut 
be  difficult  to  comprehend  the  ne- 
cessary causes  of  the  phenomena 
of  the  tides,  without  having  re- 
course to  any  fanciful  and  nrbi- 
trai'y  power  iikeUial  of  attraction, 
or  universal  gravitation. 

If  we  supposed  the  moon  to  be  in 
its  quarters,  and  that  it  would  for 
ever  go  before  or  follow  the  earth, 
without  mutual  action  and  re- 
action, then  there  would  never  be 
any  tides. 

But  the  earth  and  moon  are  in 
relative  action  and  redaction,  and 
drive  or  impel  each  other,  in 
orbits  round  a  centre  or  fulcrum. 

If  then  the  moon,  impelled  by 
the  earth,  ascend  in  its  orbit  from 
the  sun  600  miles,  and  the  earth  be 
forced  by  the  re-action  of  the 
moon  to  descend  towards  tlie  sun 
100  miles  ;  the  earth's  centre  is 
thus  so  far  removed  from  the  line 
of  the  orbit,  wherein  lies  the 
maximum  or  centre  of  the  solar 
forces,  i.e,  in  the  fulcrum  of  the 
gaseous  lever,  which  joins  the 
earth  and  moon. 

But  though  the  lolid  and  cpn> 


MATHEMATICAL  ATI  D  PHYSICAL  8CIEVCF 


nected  partt  of  th«  earth  obey  thit 
nctkm  oi  the  moon,  and  do  so  de- 
scend from  the  centre  of  the  solar 
forces ;  vet  the  moveable  waters  ac> 
coiiiauMate  themselves  to  the  two 
forces,  i.e.  the  ordinary  mundane 
force,  which  always  retains  them 
ou  tike  earth  ;  aiid  the  force  with 
which  the  whole  carih  would  return 
to  ils  orbit,  but  for  the  action  ot  the 
moon.  The  waters  ilicrcfore,  so  to 
ipeak,  setrk  the  focus  of  the  solar 
forces  on  the  two  Ijodies,  or  rise 
towards  the  fulcrum.  While  the 
earth  revolving  at  the  same  time, 
tliey  rue  on  every  slioic  which 
they  B|>}>rt)ach,or,  to  an  inhabitant 
tif  the  eaitli,  appear  themselves  to 
move. 

When  the  moon  advances  an- 
other 800  miles,  the  earth  ad- 
vances on  the  opposite  side  of  their 
fulcrum  another  lUO  miles ;  and 
the  re-acting  furce  being  still 
greater,  the  waters  rise  still  higher 
—and  so  (»n,  till  the  centre  of  the 
earth  is  carried  26,000  miles  from 
the  line  of  its  true  orbit,  where 
the  centre  of  the  solar  forces  acts 
—and  now  the  re  action  being  the 
greatest,  the  waters  rise  to  their 
maximum,  and  form  spring-tides. 

Tlie  return  to  the  quarters  pre- 
sents a  decreasing  series  of  phe- 
nomena, till  the  forces  again  co- 
incide in  the  orbit,  and  then  there 
is  no  tide  except  the  continuance 
of  the  former  oscillations  or  neap- 
tide.  I 

The  like  phenomena,  from  like 
causes,  attend  tlie  earth's  progress 
through  its  su|)eriour  orbit,  while 
the  moon  is  performing  its  iuferiour 
orbit. 

Such  are  the  circumstances  of 
the  earth  and  moon.  Tliey  move, 
in  the  medium  of  space,  round  a 
common  centre,  or  fulcrum,  the 
arms  or  distances  of  the  gaseous 
lever  being  in  the  inverse  dupli- 
cate ratio  of  their  distances  and 
of  their  quantities  of  matter ; 
and  the  mundane  fluids,  as  fluids, 
in  respecting  the  centre  of  motion, 
rise  towards  the  centre  of  motion, 
or  towards  the  fulcrum  oi  the  mu. 
tuai  revolution  of  the  two  bodies, 
which  is  necessarily  in  the  right 
line  joining  the  centres  of  the 
earth  and  moon. 

,   J5ut,  while  this  joint  revolution 
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of  the  earth  and  moon  isperfonning 
romid  the  fulcrum  of  the  gaseoot 
lever  of  space,  the  earth  u  tam- 
ing on  its  axis  by  a  separate  mo- 
tion ;  and,  as  all  parts  of  its  snr- 
face  are  successively  presented  to 
the  moon,  or  to  the  common  fai- 
crum,  so  the  successive  portions  of 
water  are  elevated  towards  the 
moon  or  fnlct  um  ;  and  henee  the 
phenomena  arise  which  we  call 
tides,  governed  necessarily  in  snc- 
cessive  rotations  by  the  times 
which  the  moon,  or  the  common 
fulcrum,  passes  tlie  meridian  of 
any  place. 

The  fulcrum  of  the  earth  and 
moon  is  the  point  about  which  both 
revolve,  and  is  the  centre  of  their 
reciprocal  momenta.  It  necessarily 
lies  in  the  line  which  joins  tiie 
centres  of  the  earth  and  moon; 
and,  being  the  centre  of  their  joint 
momenta,  is  the  point  acted  upon 
by  the  sun's  impulses  on  the  ue> 
diom  of  space,  in  producing  the 
orbicular  motion ;  and  is,  theiie- 
fore,  constantly  in  the  earth's  or- 
bit; while  the  centres  of  the 
earth  and  moon  constantly  revolve 
around  it,  by  their  mutual  action 
and  re-action  on  each  other 
througii  the  medium  of  space. 

Suppose  the  earth  to  be  turning 
on  its  axis,  with  the  fulcrum  ver- 
tical over  the  meridian  of  central 
Africa,  where,  as  there  is  no  sea, 
there  will  be  no  apparent  tide- 
though  the  seas  of  the  Antarctic 
Ocean  would  be  slightly  affected. 
In  an  hour,  the  rotation  carries  the 
shores  of  the  Atlantic  under  the 
moon  or  fulcrum,  and  the  waters 
being  capable  of  rusliing  to  restore 
tiie  equilibrium,  in  consequence  of 
the  disturbance  already  explained, 
they  rise  towards  the  fulcrum  or 
centre  of  lunar  and  mundane  gyra- 
tion, and  tlie  elevation  continues 
as  long  as  the  Atlantic  is  passing 
under  the  moon,  or  fulcrum. 

But,  when  the  Atlantic  shores  of 
America  arrive  opposite  the  moon 
or  fulcrum,  the  waters  rise  along 
the  coast,  and  fill  the  entrances  of 
the  rivers ;  but  when  the  conti. 
nent  is  presented  to  the  moon,  or 
fulcrum,  then  no  tide  is  raised.— 
Nevertheless,  the  waters  were 
brought  to  the  shores  and  Ictt 
there  —  what    then    becomes  -  of 
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thetnl  The  canse  which  prodaced 
their  elevation  has  departed  over 
another  meridian.  Is  it  not  as- 
tonishing, says  Sir  R.  Phillips,  that 
tiuone  ever  asked  this  question  Y — 
Must  they  not  swing  back  like  the 
oscillation  of  a  pendulam,  and  is 
not  this  the  true  cause  or*  the  se- 
cond tide  t  Is  not  this  a  necessary 
cause  of  the  second  tide  on  the 
African  and  European  shores ;  and 
is  not  such  second  tide  a  nef:essary 
consequence  of  the  waters  liaving 
been  so  accumulated  on  the  shores 
of  America  t  Would  not  the  con- 
stant succession  of  this  sufficient 
cause  produce  the  same  equable 
effect  in  the  secondary  as  in  the 
primary  tidet  Would  notsuch  con* 
atant  succession  produce  a  species 
of  oscillation  of  the  waiersin  the 
lieds  of  the  ocean,  just  such  as 
exists  in  the  tides  1 

We  need  not  accompany  the 
phenomena  to  tiie  shores  of  the 
Pacifici  where  the  oscillations  are 
less,  because  the  liquid  pendulum 
is  larger  and  heavier — but  where 
exactly  the  same  causes  produce 
u  primary  and  secondary  tide. 
That  is,  as  soon  as  the  moon,  or 
fulcrum,  arrives  over  the  western 
coasts  of  America,  the  waters  rise 
and  follow  the  moon,  or  fulcrum, 
till  it  reaches  the  shores  of  Asia; 
and  then,  being  left  there,  they 
oscillate  back,  producing  a  second 
tide  across  that  ocean. 

In  a  word,  the  second  tide  arises 
from  the  re-actions  of  the  first  tide 
against  the  visible  continents  and 
invisible  rocks  which  bound  and 
fill  the  ocean;  and  which  re-ac- 
tions concur  with  the  departure  of 
the  force  over-land  to  other  me- 
ridians, so  that  a  returning  Ude  is 
the  returning  stroke  of  a  primary 
one.  And,  in  confirmation  of  this 
theory  of  the  secondary  tide,  is  it 
not  notorious,  that  in  certain  parts 
of  the  South  Pacific,  where  few  or 
no  disturbances  are  created  by  re- 
actions or  reflections  of  land,  there 
is  in  many  places  but  one  tide  in 
twenty-four  nours?  * 

The  other  peculiarity  of  the  tides 
—their  neap  and  spring,  depending 
on  ckie  relative  positions  of  the  sun, 
moon,  and  earth,  are  susceptible 
of  explanations  equally  clear  and 
umpie.    lu  the  quarters,  the  Hue 


joining  the  centres  of  the  earth 
and  moon  coincides  with  the  lin» 
of  the  earth's  orbit,  or  with  the 
direction  of  the  earth's  orbicular 
force ;  and  the  tide  is  tlien  pro> 
duced  solely  by  the  revolution  of 
the  earth  roui.d  the  fulcrum  of 
the  earth  and  moon.  But,  as  soon 
as  the  moon  departs  in  its  orbit, 
towards  the  solar  conjunction  or 
opposition,  from  the  line  of  the 
earth's  orbit,  the  centre  of  the- 
earlh  is  carried  simultaneously  on 
the  opposite  side  of  the  line  of  its 
orbit,  and  the  lines  of  the  rotatory 
and  orbicular  forces  no  longer  co- 
incide. This  disturbance  the  wa- 
ters are  able  to  restore ;  and  here* 
in  is  a  new  cause  of  tide,  which  at 
the  oppositions  and  conjunctions, 
n(»t  only  coincides  with  the  direc- 
tion of  the  lunar  fulcrum,  but  be- 
comes itself  a  maximum,  because 
the  earth's  centre  is  then^  removed 
tlie  farthest  from  the  line  of  the 
orbicular  force.  Hence  the  spring 
tides  at  the  new  and  full  moon  ; 
and  hence  all  the  degrees  of  tide, 
as  the  centres  of  the  earth  and 
moon  approach  the  direction  of 
the  orbit.  The  fulcrum  is  of  course 
also  in  the  orbit,  or  the  point 
which  describes  tiie  true  orbit. 

In  fine,  he  ascribes  the  tides  pri- 
marily to  the  revoluiiun  of  the 
earth  round  the  fulcrum,  or  centre 
of  the  momentum,  of  the  earth 
and  moon,wliich  fulcrum  is  always 
in  the  line  w^hich  joins  the  centres 
of  the  earth  and  moon  ;  and,  as 
the  moveable  waters  accumulate, 
or  are  accumulated,  opposite  that 
fulcrum,  so  they  have  tiie  appear- 
ance of  being  attracted,  as  it  ia 
called,  by  the  moon. 

He  ascribes  the  double  tide  in 
every  twenty-four  hours  to  the  de- 
pa^rture  of  the  force  from  the  sea 
over  the  next  land,  owing  to  the 
intervention  of  the  great  con- 
tinents which  separate  the  two 
great  oceans  from  each  other* 

And  he  ascribes  the  variable 
heights  of  the  tides,  as  apparently 
connected  with  the  age  of  the 
moon,  to  the  variable  distance  of 
the  body  of  the  earth  from  the 
line  of  the  orbicular  force,  during 
its  revolution  round  the  lunar  and 
mundane  centre  of  motion. 

It  is,  at  the  same  time,  most  cv^ 
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Aent,  that  no  attrmciion  of  the| 
MKNUi  is  either  repaired  or  con- 
cerned ;  IhMt  there  is  no  malual 
attructlun  of  the  earth  and  moon, 
and  no  innate  gravitation  of  the 
waters  towards  the  moon.  Bat 
It  Is  trne,  Chat  the  tides  Vure  de- 
pendant on,  and  connected  with, 
the  position  of  the  moon,  the 
waters  under  it  being  constantly 
raised  towards  it ;  but  this  is  not  a 
consequence  of  any  attraction,  but 
a  consequence  of  the  two  bodies 
being,  so  to  spealc,  at  the  two  ends 
of  a  gaseous  ie\'er,  around  whose 
fulcrum  they  turn,  and  towards 
which  fulcrum  they  ri«e  by  their 
mobility,  with  an  effort  to  maintain 
the  equilibrium,  presenting  an  ap- 
pearanee  of  being  attracted.  Tlie 
earth  and  moon  are  in  fact  a 
system  of  two  bodies  ;  the  fulcmm 
i%  equivalent  to  the  centre  of  per- 
cussion, and  tlie  waters  on  the 
cartli  being  mobile,  they  rise  to- 
wards that  centre  of  percussion, 
or  in  this  case  towards  the  me- 
chanical fulcrum,  which  pf)wer  of 
adjustment  in  them  cause  the  phe- 
nomena of  the  tides. 

It  follows,  as  corollaries,  that,  as 
the  action  of  the  earth  oii  the 
moon  is  64  times  that  of  the  moon 
on  the  earth,  or  the  orbit  of  the 
moon  round  the  fnlcrnm  is  64  times 

f;reater  than  that  of  the  earth; 
f  there  were  waters  on  the  moon, 
they  would  be  raised  04  times 
higher  than  the  tides  ou  the  earth ; 
consequently,  it  is  not,  on  that  and 
utber  accounts,  to  be  believed  that 
any  water  exists  on  the  moon. 

And  further,  that,  as  the  centres  of 
the  sevevui  forces  nearly  coincide 
at  the  quarters  when  the  earth 
and  moon  move  in  a  common  orbit, 
BO  the  cause  of  the  tides  there 
ceases ;  and  hence  their  diminution 
at  those  periods,  when  the  slight 
tides  are  mere  oscillations,  con- 
tinued from  the  great  oscillations 
produced  at  the  new  and  full 
moon.  As  the  preceding  theory  of 
the  tides  excludes  any  principle  of 
attraction,  and  that  principle  is 
universally  admitted  and  taught, 
and  is  an  essential  ingredient  of 
the  Newtonian  Physics,  Sir  R. 
Phillips  has  published  the  follow- 
ing demonslrati<ia  of  what  he  calls 
'  the  superstitious  absurdity  of 
the   very  principle  of  any  attrac- 
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live,  or  other  foree.  behig  exerted 
between  inert  distakit  masses." 
B  p  A 

Dft^o OjTVb 

Suppose  A,B,  to  be  balls  of  lead, 
wood,  or  cork,  or  A  is  the  earth, 
and  B  a  heavy  body  above  it,  or 
A  the  sun  and  B  the  «uth ;  or  A 
the  earth,  and  B  the  moon. 

By  hypotliesis  A  b  supposed  Co 
be  much  largfer  than  B. 

By  experiment  they  are  foandtn 
move  towards  each  other,  and  to 
meet  at  P;  FB  bein^^  to  FA  re- 
ciprocally as  A  is  to  B :  so  that  B 
XBP=AxAP. 

But  if  A  move  towards  P,  Ae  di- 
rection  of  the  impelling  force  on 
A  must  be  from  the  parts  E  —  and 
in  like  manner  the  impelling  force 
which  moves  B  to  P,  moat  be  from 
the  parts  D. 

But  A  is  said,  by  the  principle  of 
attraction,  to  be  the  cause  of  B 
moving  towards  F,  and  B  is  the 
cause  of  A  moving  to  P,  that  is,  A 
must  act  at  D  upon  B,  where  it  is 
not,  and  B  must  act  on  A  at  E 
where  it  is  not — which  is  absurd. 

The  motion  of  A  is  therefore  not 
created  by  B,  nor  the  moti(m  of  B 
by  A,  or  m  other  words,  B  does 
not  attract  A,  nor  the  eitrth  any 
body  near  it,  nor  the  sun  the  earth, 
nor  the  earth  the  moon  ;  but  the 
force  which  moves  B  ^from  the 
parts  D  towards  F,  and  A  from  K, 
must  be  sought  in  some  other  ope- 
rative cause,  and  not  in  their  own 
mutual  afTectlons  or  pretended  at- 
tractions. 

And  by  further  consequence,  as 
the  sun  does  not  attract  the  earth, 
and  the  earth  does  not  attract  the 
mocm,  the  principle  of  universui 
cravitation,  and  of  lunar  attrac- 
tion on  the  earth's  waters,  are 
erroneous,  and  the  phenomena 
must  be  otherwise  explained. 

TIMBER  Measure,  is  the  method 
employed  by  arlidcers  in  measur- 
ing trees,  joists,  beams,  &c. ;  and 
as  these  always  fall  under  one  or 
other  of  the  regular  solids  which 
have  been  already  treated  of  un- 
der the  several  articles,  it  would 
seem  ntmecessary  to  repeat  here 
any  rules  for  the  meiisurution  of 
timber;  but  the  fact  is,  tliat  an  er- 
roneous rule  hu.H  been  udo;tted  by 
pcrooub  couccrncd  in  this 'line  of 


bu  w  (■Ubliihed,  (hat  il  ie  tat 

ahouLd  be  replaced  ^  aunip  oil 
eilhcr  pErfeciIy  ims.  or  apprJl 


The  rule,  u  tt  !■  it  prnent  em- 
lD,ttae  bnylnc  (^Bem^s  D°"ltnlber, 

ll«mpleihti^uartoflki  nTson 

?«■»«■  »frt,  er  i  drcum/fr™™, 
M<  IwM  tf  the  iTft,  fm-  the 
caaettti  whbA,  when  the  ainKnibms 
are  taheK  tnftet,  uUll  bt  also  fetl  ,■ 
and  IkU  gtMtd  «•  M,  I^  nKmlifr 
effeet  fit  a  iud-  *Ml  ti,^  ii.,  m-^ 
bCTCJIaadt. 


a  i^tnWy  known 


€1*1^1;  InlwaTADn'enil'U  e.'d! 
Bskb^  cuh  id«»  a  iDcho,  or  ^  a 
foot  bFiMd,  HndlftlncliFB.  or  Afuoi 

,«hick;  it  IS  evident  ihal  ihc  trae 
Klidhy  uf  eul<  piece  wilj  bi  13 


T  IK 

e  s  feet,  and  (hu  of  the  ireittr 


piece  will  be  I^aiul  =  jxi4  =  l(i) 

the  SUIT  of  Uie  twoin  feeC  Initrul 
of  14  feet.    Faitlier,  if  tlie  leia 

piece  be  cut  only  1  Inches  broad, 


e  uther  method,  Ihe  ( 


be  Ul  feet,  instead  ofW,  and  their 
sum  nj  feet,  instead  of  M. 
».«-,   it  i>  obvions,  that   Ihe 


Ihe   DreadlW   and 


tbi>  two  pact)  are  equal  to  each 
other ;   or,  when  the  ^alk  is  cut 

the  gides  of  ■  pieoe  of  timber  differ 

e^  Toa™id,"™(o?e.'u1llli' 
contiitency  in  the  l■e■nl^  the  fol- 
lowlne  method  ihonld  Ik  ■niplay- 
si,tiit.MlMyhtluletltlh,bnilllili. 
«na  drrH'  amtiHUaUtligilhir.  and 
the  fridvct  villi  it  tlU  tna  contiHt 

With  regud  mronnd  timber  the 
ermr  Is  of  ■  dtff^tent  kind.    Tlie 

l-V3!e.  Uenec,  to  flud  the  true 
DiiTimt  of  a  i^ece  uf  eylindrlcHl 
ittiibcr,  we  oDghl  Lu  multi|>ly  Uf 


Ildlty  U  nurncd  about  ^  pt.ti 
I*a>  ihu  li  U,     But,  u  ibc  utrauti 

flftin,  tht  followlni  mU  might  bp 
■Md,  whteh  li  u  tlnplc  »  cin  be 
dalrtd,  vll.  UuMftflktiqutrdO 

bnttkftr  tht  tanum,  BJtIcA  to  nuf 
fmrjtim  tkt  (miA. 

ny  in  vbtch  tlis  mnii  ilVt  i>  «- 


ftillT  in  MnlBllbg  In  tl  by  the  nc 
iBUiM  of  the  I<>llDwlrB  ]irabjEn,i 
whieli  hav*  bean  takin  from  Si 
HaUin-i  Htunratlun. 
Prtf.  I.  TU  Hnd  wberc  >  ULiri 


iRielh  of  the  timber.    Then  by  >i 


Therafore  ■  tr«  beini 


pnTftiCAL  sciEirce. 

tht  muiarc  <>r  the  ton  paiia  vill 
eieeed  th«  neiHrc  of  iha  wbola 
■  jr  IS  ittu 
,.  ij  To  Had  where  ■  Ire* 


=   \     +""^tc-f«)'- 


piled  by  1  of  the  \^ole  iei«ib, 
will  be  the  Length  to  be  cut  oB. 
fVgp,  1.  To  flnd  where  ■  Ire* 

'  ^n  ibVwIio'la  ^ree^fota  k 
(jeing  Mill  the  ume  noullDn.aed 

VSliall  hav*  jv  L  -(L  — «((! 
+  tf)-Sj  +  <iJ    whieh     lenglh 


TIMB,  a  anceeidnn  of  pheno- 
{  durulon,    marked  by  ceitalB 
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foster  or  slower,  bdt  glides  on  io  a 
constant  equable  tenor. 

Relative  Time,  is  the  sensible 
measure  of  any  duration,  by  means 
of  motion.  For,  since  that  equable 
flux  of  time  does  not  eiiect  our 
senses,  nor  is  any  way  immediately 
Cognizable  thereby,  there  is  a  ne- 
cessity  for  calling  in  the  -help  of 
some  nearly  equable  motion-  to  a 
sensible  measure,  w-hereby  we  may 
determine  its  quantity  by  the  cor« 
r^spondency  of  the  parts  of  this 
urith  the  former. 

Astronomical  Timx,  is  that  mea- 
sured by  the  motion  of  the  heaven- 
ly bodies  only. 

Civil  Time,  is  the  former  time 
accommodated  to  civil  uses,  and 
formed  and  distinguished  into 
years,  months,  days,  Sec. 

Astronomical  Time,  is,  again, 
either  apparent  solar,  or  une; 
Mean,  or  sidereal. 

Apparent  Solar  Tiue,  otherwise, 
though  improperly»  called  IVue 
TiUB,  is  that  which  is  estimated  by 
the  sun's  passage  over  the  meri- 
dian of  any  place,  and  which  is 
sometimes  as  much  as  16  minutes 
sooner  or  later  than  that  shown  by 
k  good  clock.  See  Equation  of 
Time, 

Mean  Timb,  is  the  apparent  solar 
time  corrected  according  to  the 
method  desbribed  under  Equation 
of  Tkne.  This  mean  time  is  still 
not  exactly  the  same  as  sidereal 
time,  the  part  added  or  subtracted 
still  partaking  of  the  inequalities 
it  is  meant  to  correct;  it  ap- 
proaches, however,  so  near  Uie 
truth,  that  no  error  is  to  be  feared, 
except  in  cases  of  the  most  'ex- 
treme delicacy. 

Sidereal  Tihb,  is  that  which  is 
estimated  by  the  passage  of  the 
same  star  over  the  meridiau  of 
any  place,  and  which  (except  for 
some  trifling  inequalities  in  the 
taotion  of  the  stars,  which  astrono- 
mers are  able  to  correct  when  ne- 
cessary) is  the  most  exact  measure 
of  time  we  are  acquainted  with, 
the  most  accurate  observations 
having  never  detected  in  it  any 
inequality,  though  it  is  suspected 
it  may  be;subject  to  some,  which 
must,  however,  if  there  be  any,  be 
extremely  minute. 
•  Tixa  keepers,  for  measuring 
529 


time,  being  otherwise  called  Gbbo* 

NOHKTSaS. 

TOPOGRAPHY,  is  a  description 
of  some  particular  place  or  small 
tract  of  land,  differing  from  geo- 
graphy as  a  part  does  from  'a 
whole. 

TORNADO,  a  sudden  and  violent 
gust  of  wind  arising  suddenly  from 
the  shore,  and  afterwards  veering 
round  all  the  points  of  the  com- 
pass like  a  hurricane;  these  are 
very  frequent  on  the  coast  ot 
Guinea. 

TORPEDO,  the  name  of  a  fish, 
possessing  an  electric  property. 

TORRIC  ELLIAN  Experiment,  an 
experiment  made  by  lorricelli,  by 
which  he  demonstrated  the  pres- 
sure  of  the  atmosphere,  in  opposi- 
tion to  the  doctrines  of  suction, 
&c.  which  pressure  he  shew,  was 
able  to  support  only  a  certain 
length  of  mercury,  or  any  other 
fluid,  in  an  inverted  glass  tube. 

TORRID  Zone,  is  the  middle  of 
the  five  zones  into  which  the  earth 
is  supposed  to  be  divided,  extend- 
ing to  234  degrees  on  each  side  of 
Uie  equator. 

TORSION,  Force  of,  a  term  ap- 
plied by  Coulomb  in  some  of  his 
experiments,  to  denote  the  effort 
made  by  a  thread  which  has  been 
twisted  to  untwist  iuelf. 

TRACTION,  in  Mechanics,  is  the 
drawing  of  une  body  towards  an 
other. 

TRAJECTORY,  a  term  generally 
used  for  the  path  of  any  body 
moving  either  in  a  void,  or  in  a 
medium  which  resists  its  motion; 
or  even  for  any  curve  passing 
through  a  given  number  of  points. 
Thus. Newton,  Princip.  lib.  i,.  prob. 
22,  purposes  to  describe  a  trajec 
tory  that  shall  pass  through  five 
given  points. 

TaAJKCToaT  of  a  Comet,  is  its 
path  or  orlMt,  or  the  line  it  de- 
scribes in  its  motion.  This  path 
was  thought  by  Hevelius,  in  his 
Cumetographia,  to  be  very  nearly 
a  right  line ;  but  Dr.  Hailey  con- 
siders it  to  be,  as  it  really  is,  a  very 
eccentric  ellipsis ;  though  its  place 
may  often  be  well  computed  on  the 
supposition  of  its  being  a  parabola. 
Newton,  in  prop.  41  uf  his  3d  book, 
shows  how  to  determine  tlie  tra^ 
jectory  of  a  comet  from  three  ob» 
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■ervftiions ;  and  io  liU  .last  prop, 
huw  to  correct  a  tri^ectory  gra- 
phically described. 

TRAMMELS,  iii  Mechanics,  an 
Instrument  nseid  by  artificers  tu 
describe  ellipses.  See  Elliptic 
CoMPASsxs.  The  engines  for  turn- 
ing ovals  are  constructed  on  the 
tame  principles  with  the  tram- 
mels; the  only  difference  being, 
that  in  the  latter  the  board  is.  at 
rest  and  the  pencil  moves,  where* 
as  in  the  former  the  tool  which  sap- 
plies  the  place  of  the  pencil  is  at 
rest,  and  the  board  moves  against  iu 

TRANSCENDENTAL,  is  a  lerni 
applied  to  any  equation,  curve,  or 
quantity,  which  cannot  be  repre- 
sented or  defined  by  an  algebraical 
equation  of  a  finite  number  of 
terms,  with  numeral  and  determi- 
nate indices. 

Tbam>csndxntal  QttamtUies, 
therefore,  include  all  exponential, 
logarithmic,  and  trigonometrical 
lines,  because  there  is  no  finite  al- 
gebraical formulsB  by  which  these 
quantities  can  be  expressed. 

Hence  a*,  x*,  log.  x,  sin.  x,  cos. 
«,  tan.  ar,  &c.  are  trantcetidental 
fuantUUs;  and  any  equation  into 
which  such  quantitieii  enter,  are 
called  tratuccHdental  equations  j 
and  every  curve  defined  by  such 
an  equation  is,  for  the  same  reason, 
termed  a  transcendental  curve. 

Transcbndxmtal  Equations, 
are,  however,  sometimes  defined 
to  be  such  fluxional  equations  as 
do  not  admit  of  finite  algebraical 
fluents,  being  only  expressible  by 
means  of  some  curve,  logarithm, 
or  infinite  series ;  as  is  the  case  in 
all  those  relating  to  the  trigonome- 
trical lines  as  above  stated;  thus 


y  =  fluent  of 


^(ai—afl) 


and  y  = 


fluent  m~ 


■  ■  " ,  &c.   are,  ac- 

V  {ax  —  xy 

cording  to  this  definition,  transcen- 
dental equations. 

And  for  the  same  reason  any 
curve,  of  which  the  equation  is 
expressed  by  means  of  such  iluenls, 
is  a  transcendental  curve;  thus 
the  cycloid  whose  equation  is  y  = 


v/(2<u: —afl)-\-  fluent  of 


y/i^ax—x*) 


is  a  transcendental  carve;  sock 
also  is  the  Caixnart,  ELAflfTic 
Curve,  and  several  others. 

TRANSFORMATION,  in  Geome^ 
try,  is  nearly  the  same  as  reduc- 
tion, being  used  to  denote  the 
cbanjp;ing  of  any  proposed  fignra  to 
a  difl^rent  one  oi  equal  surface  or 
solidity. 

TxAMSPORXATioif  of  S^uoHtms, 
in  Algebra,  is  a  method  of  chang- 
ing an  equation  to  another  ibrm, 
but  of  equal  value. 

This  is  of  various  kinds,  as  I.  To 
transform  an  equation  to  another 
whose  roots  are  greater  or  less 
than  the  roots  of  the  proposed 
equation.  S.  To  transform,  an  equa- 
tion to  another  whose  roots  shall 
be  some  multiple  or  quotient  of 
the  proposed  equation.  3.  To  trans- 
form an  equation  to  another  that 
shall  want  the  second  or  any  othet 
term.  4.  To  transform  or  change 
the  signs  of  the  roots  of  an  equa- 
tion, from  -^  to  — «  or  from  —  to 
+,  &c.      , 

1.  To  transform  an  equation  to 
another,  whose  roots  shall  b« 
greater  or  less  than  the  roots  of 
the  proposed  equation. 
Let «"  4- «*"~*  +  *  a?"  ~*  +  &c. = • 
be  any  equation ;  and  let  it  be  prc^ 
posed  to  transfori)!  it  to  another 
whose  roots  shall  be  less  than  those 
of  the  above  by  a  given  quantity  d. 

Assume  y  to  represent  the  an* 
known  quantity  of  the  new  equar 
tion,  and  as  this  is  to  be  less  than 
X  by  the  quantity  d,  we  have  jf  = 
X  —  d,  or  X  =  y  -\-  dt  now  substi- 
tuting this  value  for  x,  we  obtain. 

am     =yn4.„rfyn  — i4.1ii!Lzl2 
*^  1.2 

rf'S^^'  +  Ac. 
flrar«— »=  ai/«— » -f- a(n— I) 

dy«— «-f  &c. 

Whence,  by  adding  together  the 
co-efficients  of  the  like  powers  of  y, 
we  have 


y«4-' 


n.(w-l)  •) 

i«n-i+  1.2    v^r'+ 

*  a(n— l)di     *<^' 

b   J 
for  the  equation  required. 

If  the  roots  of  the  equation  are 
to  be  increased,  then  we  must  a^ 
sume  y  =  X  -^  d. 
As  an  example,  let  it  he  proposed 


TEA — T  R  A 


to  increase  the  roots  of  the  equai- 
tion  *»  —  6x«  4-  11 «  —  fe=  0,  by 
unity,  or  1.  Assume  y  ==  a;  -f- 1,  or 
*  =  y  —  1 ;  then 

4-lIar  =                    lly  — 11 
—      6= —  e 

by  addit.  y8— 9y*-4-  26y  — £4=0 


is  the  equation  sought 

2.  To  nmltipJy  or  divide  the  roots 
of  an  equation  by  any  given  quan- 
ii\y. 

liet  a!n  4-  axK— 1 4-  fra:«-- 94.  &c. »  0 
be  the  proposed  equation ;  which 
is  to  be  transformed  to  another, 
whose  roots  shall  be  some  multiple 
of  those  above. 

Assume  y  z=mXf  m  being  the 

proposed  multiple;  then '^v  =-> ^ 

and  -substituting  this  value  for  x  in 
the  proposed  equation,  we  have 

^  4- fl -^^  +  ft-^^=— S+ &c. «  0 

Or  multiplying  by  m" 
y»  4- m<iy«— » 4- HI*  5y»«— *+&c.=0 ; 
which  is  an  equation,  whose  roots 
ate  equal  to  the  given  multiple  m 
of  the  roots  of  the  proposed  equa- 
tion.  Hence  we  see,  Uiat  to  multi- 
ply the  roots  of  an  equation  by 
any  quantity  m,it  is  only  necessary 
to  mqltiply  the  several  co-em- 
cients;  beginning  at  the  first  by 
the  terms  of  the  geometrical  pro- 
j^ression  1,  m,  m'*,  m^,  m*,  &c.  ob- 
serving only  that  if  any  term  in 
the  original  equation  be  wanting, 
it  must  be  introduced  in  its  proper 
place,  having  zero  for  its  co-effi-. 
cient;  thus 

Let  it  be  proposed  to  transform 
the  equation 

**4-&rS4.  3a;  4-7  =  0 
to  another  equation,  whose  roots 
are  the  doubles  of  tliese  roots. 

Here,  supplying  the  third  term, 
which  is  Wanting, 
proposed  equat. 

ar*4-  6x84-0*84-  3*4-     7=0 
geom.  series 
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y'4-iV 


4-24y4-112=0 


which  is  the  equation  required, 
tfte  unknown  quantity  being  chang- 
ed  from  ar  to  y  merely  for  the  sake 
M  (Ustinctiutt. 


When  the  roots  of  the  equation 
are  to  be  divided  by  any  quantity^ 

m,  we  must  substitute  y  =  — •  or  « 

«»' 
=  my,  and  substituting  this  value 
of  X  we  have 

m**  yft  4-  amf*—^  y»— 1 4-  bnfi^'^  y«— « 
4-  &c.=4>;  or,  dividing  by  im", 

yn  4.  i  j^— 1  4- _-y«_S  +  &c.  =0j 

that  is,  we  must  divide  the  co-effi- 
cients by  the  same  series  1,  m,  <n9, 

I»S,to4,  &c. 

3.  In  a  similar  way  an  equation 
may  be  transformed  to  another, 
whose  roots  are  the  reciprocals  of 
the  roots  of  the  first. 

Let  x«  4- a*"— » 4- 6ar« — 8  4- &c.  =  0 
be  the  proposed  equation ;  and  let 
it  be  required  to  tiansform  this  to 
an  equation,  whose  roots  shall  be 
the  reciprocals  of  these  roots. 

Assume  y  =  — ,.or  or  =  ~,  and  sub* 
X*  y* 

stitnte  this  value  of  x  in  the  pro- 
posed equation ;  and  we  have 

::i +*•*:: — \-\-b'-~—-,.  ,w,&c,=.9i 

yn  yi*~l         y**— -^ 

or     1  4-  ay  4.  byi . , .  tcy«,  &c.  =  0 ; 

or,  dividing  by  to,  and  inverting  the 

order  of  the  equation, 

b  a  \ 

y«...-y84--y4--=o, 

w       ■  w         w 

the  equation  required. 

That  is,  we  must  invert  the^rder 
of  the  co-efficients,  and'divide  by 
the  absolute  quantity  of  the  pro- 
posed equation  ^  observing  here, 
as  in  the  preceding  case,  to  supply 
any  terms  of  the  equation  that  may 
be  wanting,  by  prefixing  a  cipher 
to  them  for  a  co-efficient. 

Transform  the  equation 
a:*4-a«a4-8x-f  4=0 
to  another  whose  roots  shall  be 
the  reciprocal  of  these. 

Here,  supplying  the  deficjent 
term,  and  inverting  the  order  of 
the  co-efficients,  we  have 

44-2*4- Oa«4-3*S4-«4; 
then  dividing  by  4,  and  introducing 
y,  we  have 

»*+|>^+j-y«4-|y  +  5-=« 

or  l^+j-y'  +  jy  4-j-  =  0,asre. 

quired. 

4.  To  change  the  signs  of  th* 
roots  of  an  equation. 
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Let  «"  +  ar«  — »  +  baft  — «  + 
r  x"  —  >  +  &c.  =  0  be  an  eqaatiou, 
the  signs  of  whose  roots  are  to  be 
changed. 

Auuuie  y  =  —  «,  or  *  s=  —  f ,  and 
substitute  this  for  x  in  the  proposed 
equation ;  so  shall  the  roots  of  the 
proposed  equation  be  changed  as 
required. 

Here  it  is  obvious,  that  only  the 
signs  of  the  odd  powers  of  x  will 
be  changed,  because  the  even 
powers  or  a  negative  quantity  have 
the  sanie  signs  as  a  positive  one ; 
and  since,  also,  no  change  takes 
place  in  the  value  of  an  equation, 
when  all  the  signs  of  it  are  chang- 
ed ;  we  may  reduce  what  has  been 
said  above  to  the  following  general 
rule.  To  change  the  signs  of  the 
roots  of  an  equation,  supply  such 
terms  as  are  wanting,  and  then 
change  the  signs  of  all  the  even 
terms,  vix.  the  2d,  4th,  0th,  Ac. 
from  the  left  hand  ;  and  the  equa- 
tion will  be  transformed  as  re> 
quired. 

Let  it  be  required  to  change  the 
signs  of  the  roots  of  the  equation. 

X*  —  3**  +  7X« -f  ax -^  4  =  0 

First,  supplying  the  third  term, 
which  is  wanting,  the  equation  be- 
comes 
a^— .  3;c*  + 0x8  + /±»  + Ox-f  4  =  0 

Changing  the  alternate  terms, 
and  writing  y  for  x,  we  have 

y5-i-3ir*  +  0y3_7y«-f.Cy  — 4  =  0, 
ory'  +  3y*  — 7y«-|-0y  — 4  =0 
the  equation  bought. 

5.  To  transform  an  equation  to 
another  that  shall  want  the  second, 
or  any  other  term  of  the  equation. 
Let  x«  +  aa:"— » +  6x«— «  +  &c.  =  0, 
be  any  equation  which  is  to  be 
transtormed  into  another  that  shall 
want  any  required  term. 

Assume  x=  y-{-d,  and  substitute 
this  value  for  x,  and  we  obtain 

x»       =yn  +  n/fy«— ^+"^^"^    iP 

y"  — 2+  &c. 
iix»— 1=  flyw  — »-t-a(n--l)d 

y»  — 2+  &c. 
fcx«— «=  6y«— «4-&c. 

Now  equate  the  co-efficient  of 
that  power  of  y  which  is  to  be  ex- 
terminate to  zero,  and  hence  find 
the  numerical  value  of  d,  which 
bubstituted  for  d  will  give  the  equa- 
tion required. 
As  from  the  nature  of  the  bino- 
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mial  theorem,  tlie  second  term  irt* 
volves  the  quantity  d  in  only  Uie 
fint  degree,  the  third  term  in  the 
second  degree,  the  fourth  term  in 
the  third  degree,  &c.  it  follows, 
that  to  extermhiate  the  secoiKl 
term,  the  equation  will  he  m,siMfU 
one,  and  may  therefore  always  be 
effected  in  rational'  numbera ;  bfit 
to  exterminate  the  third  term,  we 
must  solve  a  quadratic i  and  to,ex> 
terminate  the  fourth,  a  cubic,  and 
so  on. 

Thus  in  the  above  equation,  to 
exterminate  the  second,  term,  we 
have 

—  a 

nd  +  ass,o,or  d^BB . 

n 
To  exterminate  the  third  term. 


or 


Whence 


""       n  *^  V  «*         n't  —  nf 
and  so  on  for  any  otlier  term. 

TRANSIT,  in  Astronomy,  signi* 
fies  the  passage  of  any  planet  over 
a  fixed  star,  or  the  sun ;  and  of 
the  moon  in  particular,  covering 
or  moving  over  any  planet. 

The  transits  of  Mercury  and  Ve- 
nus  over  the  sun's  disc  are  very 
interesting  phenomena,  not  merely 
by  rea&on  uf  their  rare  and  singu- 
lar appearance,  but  because  of 
their  use  in  determining  the  paral- 
lax of  the  sun,  and  thence  the  real 
dimensions  of  the  earth's  orbit. 

The  transits  of  Mercury  always 
occur  either  in  May  or  in  Novem- 
ber ;  but  they  happen  much  the 
most  frequently  in  the  lattermonth. 
The  difference  depends  upon  the 
position  of  the  elliptic  projection 
of  Mercury's  orbit  upon  the  plane 
of  tiie  ecliptic.  This  ellipse  is  now 
so  placed  that  it  presents  to  us  its 
perihelion  during  the  winter,  and 
its  aphelion  during  the  summer ; 
and,  as  it  is  very  eccentric.  Mer- 
cury is  much  nearer  the  sun  in  the 
month  of  November  than  iu  the 
month  of  May.  Now,  if  we  con« 
sider  tiie  luminous  cone  formed  by 
.the  visual  rays  drawn  from  the 
earth  to  the  sun,  this  cone  is  con- 
tracted in  the  vicinity  of  the  earth 
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while  it  is  enlarged  near  the  sun, 
the  disc  of  which  serves  for  its 
base :  Mercury  ought  therefore  to 
cut  it  more  readily  when  it  is  near 
the  sun  than  when  it  is  remote 
from  it;  and,  consequently,  the 
transits  of  Mercury  ought  to  occur 
most  frequently  in  the  winter  part 
of  the  year. 

Transits  of  Venus  over  the  sun's 
disc  happen  much  less  frequently 
than  those  of  Mercury,  becatise 
Tenus  is  more  distant  from  the 
sun.  The  following  are  ail  that 
have  occurred  or  will  occur  be- 
tween 1631  and  2110. 


1631  ...  Dec.  6. 

1874  ...  Dec. 

8. 

1639  ...  Dec.  4. 

1882  ...  Dec. 

6. 

1761  ...  June  5. 

2004  ...  Jane 

7. 

1769  ...  June  3. 

2109  ...  Dec. 

10. 

Now  the  chief  use  of  these  con- 
junctions is  accurately  to  deter, 
mine  the  sun's  distance  from  Uie 
earth,  or  his  parallax,  which  astro- 
nomers have  in  vain  attempted  to 
find  by  varions  other  methods ; 
for  the  minuteness  of  the  angles 
required  easily  eludes  the  nicest 
insirumenu.  But  in  observing  the 
ingress  of  Venus  into  the  sun,  and 
her  egress  from  the  same,  the  space 
of  time  between  the  moments  of 
the  internal  contacts,  observed  to 
a  second  of  time,  that  is,  to  JL  of  a 

second,  or  4'"  of  an  arch,  may  be 
obtained  by  the  assistance  of  a 
moderate  telescope  and  a  pendu- 
lum clock,  that  is  consistent  With 
itself  exactly  for  6  or  8  hours. 
Now,  from  two  such  observations 
rightly  made  in  proper  places,  the 
distance  of  the  sun  within  a  500th 
part  may  be  certainly  concluded, 
&c. . 

Transit  Instrument,  in  Astro- 
nomy, is  a  telescope  lixed  at  right 
angles  to  a  horizontal  axis;  tnis 
axis  being  so  supported  that  the 
line  of  collimation  may  move  in 
the  plane  of  the  meridian. 

The  axis,  to  the  middle  of  which 
the  telescope  is  fixed,  should  gra- 
dually taper  toward  its  ends,  and 
terminate  in  cylinders  well  turned 
and  smoothed ;  and  a  proper  weight 
or  balance  is  put  on  the  tube,  so 
that  it  may  stand  at  any  elevation 
when  the  axis  rests  on  the  suii- 
poriers.  Two  upright  posts  of  weod 
or  stone,  firmly  fixed  at  a  proper 
distance,  are  to  sustain  ih«  sap. 
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porters  to  ^his  instrument;  these 
supporters  are  two  thick  brasst. 
plates,  having  well  smoothed  an- 
gular notches  in  their  upper  ends, 
to  receive  the  cylindrical  arms  oi 
the  axis;  each  of  the  notched 
plates  is  contrived  to  be  moveable 
by  a  screw,  which  slides  them 
upon  the  surfaces  of  two  other 
plates  immoTeably  fixed  to  the 
two  upright  posts :  one  plate  mov* 
ing  in  a  vertical  direction,  and  the 
other  horizontally,  they  adjust  the 
telescope  to  the  planes  of  the  ho- 
rizon and  meridian  ;  to  the  plane, 
of  the  horizon,  by  a  spirit  level 
hung  in  a  position  parallel  to  the 
axis,  and  to  the  plane  of  the  me- 
ridian, in  the  following  manner. 
Observe  the  times,  by  the  clock, 
when  a  circumpolar  star,  seen 
through  this  instrument,  transits 
both  above  aivd  beluw  the  pole ; 
then,  if  the  times  of  describing  the 
eastern  and  western  parts  of  its 
circuit  be  equal,  the  telescopj^  is 
then  in  the  plane  pf  the  meridian  ; 
otherwise,  the  notclved  plates  must 
be  gently  moved  till  the  time  of 
the  Star's  revolution  is  bisected  by 
both  the  upper  and  lower  transits, 
taking  care  at  the  same  time  that 
the  axis  kee^ts  its  horizontal  posi- 
tion. 

When  the  telescope  is  thus  ad- 
justed, a  mark  must  be  set  up,  or 
made,  at  a  considerable  distance 
(the  greater  the  better)  in  the  ho- 
rizontal direction  of  the  intersec- 
tion of  the  cross  wires,  and  in  a 
place  where  it  can  be  illuminated 
in  the  night-time  by  a  lantern  near 
it,  which  mark,  being  on  a  fixed 
object,  will  serve  at  all  times  af- 
terwards to  examine  the  position 
of  the  telescope,  by  first  adjusting 
the  transverse  axis  by  the  level. 

To  adjust  a  clock  by  the  sun's 
transit  over  the  meridian,  note  the 
times  by  the  clock,  when  the  pre* 
ceding  and  foUowii^  e^es  of  the 
sun's  limb  touch  the  cross  wires ; 
the  difference  between  the  middle 
time  and  12  hours,  shows  how 
much  the  mean,  or  clock  time,  is 
faster  or  slower  than  the  apparent 
or  solar  time,  for  that  day ;  to 
which  the  equation  of  time  being 
applied,  it  will  show  the  time  oc 
mean  noon  for  that  day,  by  which 
the  clock  Buty  be  adjusted. 
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TRANSMISSION,  in  Optics,  is 
used  to  denote  the  passase  of  the 
rays  of  light  throagli  transparent 
bodies. 

TRANSPARENCY,  or  Tbanslu. 
CXNCT,  in  Physics,  a  quality  in 
certain  bodies,  by  which  they  give 
passage  to  the  rays  of  light. 

TRANSPOSITION,  in  Algebra^ 
is  the  bringing  any  term  of  an 
equation  over  to  the  ether  side  of 
it,  in  which  case  the  sign  of  the 
quantity  thus  transposed  must  be 
changed,  vl»,  from  fitis  to  minits, 
or  from  nUntts  to  j^us. 

For  example,  it  a-^-x^^btihtn 
transposing  a  and  ciianging  its 
sign,  we  have  »=:fr  — a;  and  if, 
on  tne  other  hand,  we  had  x  —  a 
c=  6,  then  by  transposition  we  have 
K=a-{-b, 

This  operation  is  performed  in 
order  to  bring  all  the  known  terms 
to  one  side  of  the  equation,  and 
all  those  that  are  unknown  on  the 
other  side,  whereby  the  value  of 
these  last  became  determined. 

TRANSVERSE  Axis,  or  Diame- 
ter, in  the  Conic  Sections,  is  the 
first  or  principal  diameter  passing 
through  botli  the  foci  of  the 
curve. 

In  the  ellipse  the  transverse  is 
the  longest  of  all  the  diameters, 
in  the  hyperbola  it  is  the  shortest, 
and  in  the  parabola  it  is  like  all 
the  other  diameters,  infinite  in 
length. 

TRAPEZIUM,  in  G«om«^ry,  a 
plane  figure  contained  under  four 
right  lines,  of  which  neither  of  the 
opposite  sides  are  parallel.  If  a 
quadrilateral  have  both  its  pairs 
of  opposite  sides  parallel,  it  is 
called  a  para/^^gram;  if  only  one 
of  its  pairs  of  opposite  sides  are 
parallel,  it  is  called  ti,  trapezoid ; 
and  when  neither  pair  are  paral- 
lel, it  is  called  a  trapezium. 

The  trapezium  has  several  re- 
markable properties,  of  which  the 
following  are  the  most  important : 

1.  Any  three  sides  of  a  trapezium 
are  greater  than  the  fourth  side. 

2.  The  sum  of  the  four  inward 
angles  of  a  trapezium  is  equal  to 
four  right  angles. 

3.  The  diagonals  of  a  trapezium 
divide  -it  into  four  proportional 
triangles. 

4.  If  the  four  sides  of  a  trapezi- 
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am  be  bisected,  and  the  adjacent 
points  of  bisection  be  joined,  it  will 
form  a  parallelogram,  the  sides  of 
which  are  parallel  to  the  corres- 
ponding diagonals  of  the  trapexi- 
um ;  and  the  area  of  the  former  is 
equal  to  half  the  area  of  the  lat- 
ter. 

5.  The  sum  of  the  four  lines 
formed  by  the  intersection  of  the 
two  diagonals  of  a  trapezium,  is 
less  than  the  sum  of  any  dther 
four  lines  drawn  from  a  point 
within  the  trapezium  to  its  four 
angles. 

6.  The  sum  of  the  opposite  an- 
gles of  a  trapezium,  which  can  be 
inscribed  in  a  circle,  is  equal  to 
two  right  angles,  and  if  one  side 
of  such  a  figure  be  produced,  the 
external  angle  is  equal  to  the  in- 
ternal and  oppcMite  angle. 

7.  Also,  in  this  case,  the  rectan- 
gle of  its  two  diagonals  is  equal  to 
the  sum  of  the  rectangles  of  its 
opposite  sides. 

TRAPEZOID,  a  quadrilateral 
figure,  having  two  of  its  opposite 
sides  parallel ;  the  area  of  which 
is  equal  to  half  a  parallelogram, 
whose  base  is  equal  to  the  sum  of 
the  two  parallel  sides,  and  its  alti- 
tude equal  to  the  perpendicular 
distance  between  them. 

TRAVERSE,  in  Navigation,  is 
the  variation  or  alteration  of  a 
ship's  course,  occasioned  by  the 
shitting  of  the  winds,  currents, 
&c.  or  a  traverse  may  be  defined 
to  be  a  compound  course,  consist- 
ing of  several  courses  and  distan- 
ces. 

TRIANGLE,  in  Geometry,  a  fi- 
gure bounded  by  three  sides,  and 
consequenlly  containing  three  an- 
gles, whence  it  derives  its  name. 

Triangles  are  of  different  kinds, 
as  plane  or  rectilinear,  spherical, 
and  curvilinear. 

A  Plane  or  Rectilinear  TaiAM- 
G  LE,  is  that  which  is  bounded  by 
right  lines. 

A  Spherical  Triangle,  is  that 
which  is  bounded  by  three  arcs  of 
great  circles  of  the  sphere. 

A  Curvilinear  Triangle,  is  that 
which  is  bounded  by  any  three 
curve  lines. 

And  each  of  these  three  distinct 
classes  of  triangles  receive  other 
distinsaishiiig   denominations,  ac- 
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eording  to  the  relaUon  of  their 
•ides  and  angles. 

Of  Plang  TaiANOLSfl.  These 
are  distinguished  as  followa: 

1.  An  Equilateral  TaiAiiaLX,  is 
that  which  has  its  three  sides 
equal,  and  consequently  its  dngles, 
whence  it  is  sometimes  also  called 
an  equiangular  triangle. 

t.  An  /»o«ce/eiTaiANOLX,  is  that 
which  has  only  two  of  its  sidfs 
equal.  The  angles  at  the  ba«e  of  an 
isosceles  triangle  are  equal  to  each 
other. 

8.  A  Scalene  or  Oblique  Teian- 
OLx,  is  that  which  has  no  two  of 
iu  sides  equal.  This  is  termed  a 
scalene  triangle  with  reference  to 
its  sides ;  and  oblique  with  regard 
to  its  angles. 

Triangles  also  receive  other  de- 
nominations  with  reference  to 
•their  angles. 

4.  A  B^htangled  Teianolx,  is 
that  which  has  a  right  angle. 
Here  the  side  opposite  the  right 
angle  is  called  the  hjfpothenuse, 
and  the  other  two  sides  the  base 
and  perpendicular f  or  sometimes 
the  iegs. 

5.  An  Oblique-angled  Teianolx, 
is  that  which  has  not  a  right  an- 
gle ;  and  is  either  acute  or  obtuse, 

6.  An  Acute  angled  Trianolx,  is 
that  which  has  three  acute  angles. 

7.  An  Obtuse-angled  Trianolx, 
is  that  which  has  one  obtuse  an- 
gle. 

8.  ifimllar  Teianolxs,  are  such 
as  have  the  angles  of  the  one 
equal  to  the  angles  of  the  other, 
each  to  each. 

Some  of  the  principal  properties 
of  plane  triangles  are  as  follow: 

1.  The  greater  side  of  a  triangle 
is  opposite  the  greater  angle,  and 
the  less  side  opposite  the  less  an- 
gle. 

S.  Any  side  of  a  triangle  is  less 
than  the  sum,  but  greater  than  the 
difference  of  the  other  two  sides. 

S.  The  sum  of  the  three  angles 
of  a  triangle  to  equal  to  two  right 
angles;  and  the  external  angle 
formed  by  producing  one  of  its 
sides  to  equal  to  the  sum  of  the 
two  internal  and  opposite  angles. 

4.  In  a  right-angled  triangle  the 
square  of  the  hypothennse  to  equal 
to  the  sum  of  the  squares  of  the 
other  two  skiei. 
ftSI 
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ft.  Or  more  generally,  if  a,b, 
and  c,  represent  the  three  sides  of 
a  triangle,  and  C  the  angle  con* 
tained  by  a  and  b ;  then  if 
tfi4-bl*  =c«,the<C=  flO* 

tf«-f  a6-h  &««c«,the<  C  =  H0» 
rfi_a64-*«  =  c«,the<C=  «•. 
6.  In  any  triangle  the  rectangle 
of  any  two  sides  is  equal  to  the 
rectangle  of  the  perpendicular  on 
the  thirdNSide,  and  the  diameter  of 
the  circumscribing  circle. 

7«  The  square  of  a  line  bisecting 
any  angle  of  a  triangle,  together 
with  the  rectangle  of  the  segments 
of  the  opposite  sides,  is  equal  to 
the  rectangle  of  the  two  sides,  in- 
cluding the  bisected  angle. 

8.  Triangles,  when  their  bases 
are  equal,  are  to  each  other  as 
their  altitudes  ;  and  when  their  al- 
titudes are  equal  they  are  to  each 
other  as  their  bases;  and  when 
neither  are  equal  they  are  to  each 
other  in  the  compound  ratio  of 
their  bases  and  altitudes. 

9.  Similar  triangles  have  their 
like  sides  proportional,  and  their 
areas  are  to  each  other  as  the 
squares  of  the  like  sides. 

10.  The  line  which  bisects  any 
angle  of  a  triangle  divides  the  op- 
posite side  into  two  segments, 
which  are  in  proportion  to  the  ad- 
jacent sides. 

11.  The  line  which  is  drawn  pa- 
rallel to  one  side  of  a  triangle  di- 
vides the  other  two  sides  propor- 
tionally. 

13.  The  three  lines  which  bisect 
the  three  angles  of  a  triangle  in- 
tersect in  one  common  point,  as 
also  do  the  three  lines  which  bisect 
the  three  sides  perpendicularly; 
the  former  point  being  the  centre 
of  the  inscribed  circle,  and  the 
latter  the  centre  of  the  circum- 
scribing one. 

13.  It  perpendiculars  be  let  fall 
from  the  three  angles  of  a  trian^ 
gle  to  the  opposite  sides,  they  will 
intersect  in  one  common  point ;  as 
will  also  the  -three  lines  drawn 
frem  the  three  angles  to  the  mid- 
dle of  the  opposite  side,  which 
latter  point  is  the  centre  of  gravi. 
ty  of  the  triangle. 

14.  In  a  right-angled  triangle, 
the  perpendicular  let  fall  from  the 
right  angle  to  the  opposite  side  or 
base,  to  a  mean  pro|x>riiooal  be* 
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twccii'  the  tcgnenu  of  the  beae, 
Mid  each  of  the  ftide*  aboot  the 
.right  angle  lit  a  mean  proportional 
between  the  base  and  the  a4iacent 
segment. 
There  are  also  several  carioas 

f problems  in  the  Diophantine  Ansr 
ysis  relating  to  right-angled  trian- 
^ler;  vie. 

1.  The  number  which  expresses 
the  area  of  a  rational  right^ngled 
triangle  cannot  be  equal  to  a  square 
number. 

S.  Let  b  represent  the  base  of  a 
right-angled  triancle,  p  the  pcr- 
^ndicular,  and  h  the  hypothe- 
nuse ;  then  ff  we  assume 

we  shall  have 

p=.r*  +  ^; 
(hat  is,  the  triangle  will  be  a  ra- 
tipnal  one,  r  and  s  being  assumed 
at  pleasure. 

S.  Or  if  in  the  fraction  -^ — ^  • 


or— • 

trs   ' 


the  numeirator  and  de- 


nominator be  taken  for  the  sides  of 
a  rightpangled  triangle,  it  will  be  a 
rational  one.  And  as  we  may 
here  give  any  values  to  r  and  s  at 
pleasure,  we  have,  in  the  first  in- 
stance, by  assuming  r  =  « -f  1*  (^^ 
taking  successively 

s  =  lf2,  3,  4,  5,  &c. 
the  following  remarkable  series; 
viz. 

Sr*  ,        * 

r^  — *«         ^s*-f-i 

n.  H,  %  %  M,  ^^' 

each  of  which  tei-ms,  reduced  to 
an  improper  fraction,  will  give  the 
sides  of  a  rational  right-angled  tri- 
angle. 

4.  And  in  the  second  form,  by 
making  «  =  1,  and  r  =  »  +  2,  it  be- 
comes 

t4-.««_       ,   4n-i-  3 
"  + 


=  n 


4n-f  4' 


and  assum- 


ing,  here 

fi  =  l,  3,  3,  4,  &c. 
^e  have  this  other  series, 

»»•  ftt.  %  -48.  "H.  *«• 

which  has  the  same  property 
the  former. 

To  find  the  Area  of  a  Triangle, — 
Let  a,  b,c,  represent  the  three  sides 
4>f  the  triangle :  A,  fi,  C,  the  an- 
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glct  oppos'.te  those  sides  respee- 
tivly ;  p  the  perpendicular  falling 
apott  the  base  bj  then 

1.  Area  =  ^  1^6. 

S.  Area  »  {  a  ft  .  sin.  C  =:  |  ac  • 
sin.  B  =  4  6c  .  sin.  A. 
Make a  +  6  +  c  =  «;  then 

8.  Area  =  ^/  U*  (i«— a)(i« 

4.  Log.  of  area -«i  |log.  4« + 
log.  (I «  ~  a)  -f  log.  (4  *  —  6)  +  log. 

Spherical  TaiANOLBS.  A  spheri- 
cal triangle  is  that  which  is  form 
ed  by  the  intersecting  arcs  of  three 
great  circles  of  a  sphere.  Spheri- 
eal  triangles  are  divided  into  r^hU 
angled,  oblique^  equilateral,  isot- 
ceus,  scalene,  &c.  the  same  as 
plane  triangles,  and  in  the  same 
cases,  and  therefore  require  no  se- 
parate definition.  They  are  also 
said  to  be  quadrantal,  when  they 
have  one  side  a  quadrant. 

Two  sides,  or  two  angles,  are  said 
to  be  of  tlie  same  qfectUm,  when 
they  are  at  the  same  time  either 
both  greater  or  botii  less  than  a 
quadrant,  or  90** ;  and  of  different 
afiections,  when  one  is  greater 
than  a  quadrant,  and  one  less. 

Spherical  Tbiaiiglbs  have  seve- 
ral useful  properties,  of  which  the 
following  are  the  most  important. 

I.  In  spherical  triangles,  as  well 
as  in  plane  triangles,  equal  angles 
are  subtended  by  equal  sides ;  the 
greater  angle  is  subtended  by  the 
greater  side ;  and  the  less  angle  by 
the  less  side. 

3.  Any  side  or  angle  of  a  spheri- 
cal triangle  is  less  than  a  semicir- 
cle, or  180". 

3.  The  sum  of  any  two  sides  of  a 
spherical  triangle  is  greater  tlian 
the  third  side ;  and  their  difference 
is  less  than  the  third  side. 

4.  The  difference  of  anjr  two 
sides  of  a  spherical  triangle  is  less 
than  a  semicircle,  or  180"  ;  and  tiie 
sum  of  the  three  sides  is  less  than 
360». 

5.  The  snm  of  the  three  angles  of 

any  spherical   triangle,  is  preater 

than  two  right  angles,  or  180^  ;  and 

less  than  six  right  angles,  or  540^. 

6L  The  snm  of  any  two  angles  of 
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ft  spheric«V  triangle  is  greater  than 
the  sirppleoient  of  the  third  angle. 

7.  Ir  the  three  sides  of  a  spheri* 
oal  triangle  be  equal  to  each  oiher, 
the  three  angles  will  also  be  equal ; 
and  vice  versft. 

8.  If  any  two  sides  of  a  spherical 
triangle  be  equal  to  each  other, 
their  opposite  angles  will  also  be 
equal ;  and  vice  versSl. 

0.  If  the  sum  of  any  two  sides  of 
a  spherical  triangle  be  equal  to 
180* ;  the  sum  of  their  opposite  an- 
gles  will  also  be  equal  to  180" ;  and 
vice  vers&. 

10.  If  the  three  angles  of  a  iphe* 
rical  triangle  be  ail  acute,  or  all 
right,  or  all  obtuse,  the  three  sides 
will  be  accordingly  all  less  than 
00<*,  or  all  equal  to  90*,  or  ail 
greater  than  90** ;  and  vice  vers&. 

11.  Half  the  sum  of  any  two  sides 
of  a  spherical  triangle,  is  of  the 
same  kind  as  half  the  snm  of  their 
opposite  angles;  or  the  sum  of  any 
two  sides  is  of  the  same  kind,  with 
respect  to  180*,  as  the  sum  of  their 
opposite  angles. 

To  these  may  also  be  added  the 
following  properties  of  the  polar 
triangle,  by  which  the  data  in  any 
case  may  be  changed  from  sides  to 
angles,  and  from  angles  to  sides. 

If  the  three  arcs  of  great  circles 
be  described  from  the  angular 
points  of  any  spherical  triangle  as 
poles,  or  at  90*  distance  from  them, 
the  sides  and  angles  of  the  new 
triangle  so  formed,  will  be  the 
supplements  of  the  opposite  angles 
and  sides  of  the  other  ;  and  vice 
versSl. 

To/ind  the  Area  of  a  Spherical 
TYiangle.— The  area,  or  surface,  of 
a  spherical  triangle,  is  equal  to  the 
difference  between  the  sum  of  its 
three  angles,  and  two  ri^ht  angles, 
multiplied  by  the  radius  of  the 
sphere. 

The  area  of  any  spherical  trian- 
gle, which  is  small  with  regard  to 
the  whole  sphere,  (such  at  those 
used  in  geodetical  operations)  is 
very  nearly  equal  to  the  area  of  a 
rectilinear  triangle,  of  which  the 
sides  are  equal  in  length  to  the 
former,  and  whose  angles  are  each 
less  than  the  corresponding  angles 
of  the  former,  by  one-third  of  the 
spherical  excess. 

ArUhmetical  Tbiaxqli,  Is  a  kind 


of  table  of  nnmbers,  arranged  in 
the  form  of  a  triangle,  formerly 
employed  in  arithmetical  calcula- 
tions ;  but  it  is  now  rendered  use- 
less, by  the  numerous  improve- 
ments of  modern  times,  and  there- 
fore any  minute  description  of  it 
seems  useless. 

Trianoular  ComnasteSftireihotm 
which  have  three  legs,  by  means 
of  which  a  triangle  may  be  taken 
off  at  once,  which  renders  them 
very  useful  in  the  construction  of  • 
maps,  charts,  &c. 

TRIBOMBTKR,  the  name  given 
by  Musschenbroek  to  an  instru- 
ment invented  by  him  for  measnr- 
ingr  the  friction  of  metals. 

TRIDENT,  a  term  used  by  Des 
Cartes  for  a  particular  kind  of  pa- 
rabola employed  by  him  for  the 
construction  of  equations  of  tlie 
sixth  degree. 

TRIGONOMETRY,  the  art 
of  measuring  the  sides  and  angles 
of  triangles,  either  plane  or  spheri- 
cal, or  raiherof  determining  certain 
parts  which  are  unknown  from 
others  that  are  given. 

This  is  a  science  of  the  greatest 
importance  in  almost  every  branch 
of  mathematics,  and  particularly 
in  astronomy,  navigation,  survey- 
ing, dialling,  &c.  and  has  been  ac- 
cordingly practised  by  mathemati- 
cians of  all  ages. 

Trigonometry  is  called  plane  and 
spherical,  according  to  the  species 
of  triangles  to  which  it  is  applied. 

In    plane    trigonometry    every 
circle  is  supposed  to  be  divided 
into   300  equal   parts,  or  degrees, 
every  degree  into  60  minutes,  and 
each  minute  into  60  seconds,   and 
so  op  ;  and  the  measure  or  quanti- 
ty of  an  angle  is  estimated  by  the 
number  of  degrees,  minutes,  Ac. 
contained  in  the  arc  by  which  it 
is  bounded  ;  the  degrees  being  de- 
noted by  a  small  *,  the  minutes  by 
a  dash,  the  seconds  by  two  dashes, 
and  so  on ;  thus  70  degrees,  16  mi- 
nutes, 84  seconds,  are  denoted  by 
70»  lO'  84«. 

The  complement  o€  at\  sltc  qt  a»- 
gle  is  what  it  wants  of  «**,  ot  ot  a 

quadrant.  And  the  ««1>f4*'***;v^lJ«- 
angle  is  what  it  want.%  <>*  ».'*;^^^  \^ 
cle  or  of  180».     Th«is,^V^Je,«&  'vk 
measures  *»*,    it»    eo<^^-v^» 
48*,  and  its  »«Pi>J«w\^«%'*' 
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With  regard  to  iMique  angled 
triangles,  or  those  which  have  no 
right-angle,  the  solution  of  them 
may  be  reduced  to  the  four  foU 
lowing. 

Casb  1.  Given  any  two  angles 
B,  A,  (fig.  2.)  and  a  side  B  C,  to 
find  the  other  sides  B  A.  A  G. 

Solution,  Construct  the  propor- 
tiofn  sin  A  :  B  C  =  sin  B  :  A  C  = 

B  C  sin  B        ,     «      A  « 

■   .  =  sin  C  :  A  B,  or  s  fin 

sin.  A 
(A  4-  B)  :  A  B,  (because  sin  C  =s 
sin  (A  +  B}.) 

Ir  B  A  had  been  the  side  given, 
we  should  have  had  sin  (A  +  B) 
:  B  A=  sin  B  :  A C  =  sin  A  :  B G. 

Casb  2.  Given  two  sides,  and  an 
angle  opposite  to  one  of  the  given 
sides,  to  find  the  third  side  and  the 
other  two  angles,  supposing  that 
we  know  of  what  species  they  are. 

Solutitm*  Suppose  that  the  sides 
AB,  AC  (fig.  2.>  are  given,  and 
the  angle  B ;  we  shall  first  obtain 
the  angle  C  by  this  proportion  A  G 
X  sin  R  =  A  B  :  sin  C,  which  will 
give  the  third  angle.  And  we  may 
then  obtain  the  side  B  C  by  the 
proportion  sin  B :  A  C  3=  sin  A :  B  C. 

But  to  find  the  side  B  C  at  once, 
draw  the  perpendicular  AD  (fig.  3.) 
on  the  side  B  C ;  call  A B,  a ;  AC, 
& ;  sin  B, « ;  cos  B,  c ;  and  we  shall 
have  R  :  A B  (a)  =  sin  B  (f)  :  AD 

=:~=cosB(c)sBD  =  -^ 
Therefore  D  C  =  V  AC«— ADs 


and  D  C  +  B  D 


:BC  =  -^-^V^ 


bb 


R< 


Cask  3.  Given  two  sides  and  the 
aiiclttded  angle,  to  find  the  other 
Awo  angles  and  the  remaining  side. 
.  ^/tf^toM.  Lettheangle  A(fig..2.) 
and  the  two  sides  A  B,  A  C  be 
given,  and  the  angles  B  and  G, 
And  the  side  B  G  be  required. 

First  we  have, 
A  C  :  A  B  =  sin  B  :  sin  G,  or  by 
composiUon  AC+AB:AG^AB 
;s=  sin  B  4-  sin  G  :  sin  B  — shi  C  = 
sin  B  +  sm  G 

ain  B  —  sin  C  * 

But  (19) 
sin  B  4-  sin  G  _  tang  4  (B  4-  C) 

sin  B  —  sin  C  "  tang  4  (B  —  C) 


cot  — 


Therefore, 
AG  +  AB:AG'A  B  =  tang  i 

(B  +  G)tong  icB-G) 

And  since  B  +  G  =  180^  —  A,  wc 
have  tang  -  (B  +  C)  ss  Ung  (9QP^ 

-  A)  =  cot  -  A.    And  therefore, 
2  2  *. 

AG  +  AB:AC  — AB 

1 

A:  tang->(B*-G) 

And  consequently  since  we  know 
B  —  C  and  B  +  G,  it  is  easy  to  oh- 
tain  the  angles  B  and  C ;  and  we 
shall  then  have  sin  B  :  A  G  =  sin 
A  :  B  C,  which  will  give  the  third 
side  B  C. 

This  third  case  may, also  be  solv« 
ed  in  the  folloY^jng  manner  % 

Draw  the  perpendicular  B  F  (fig. 

4.)  upon  the  side  A  G,  and  let  A  B 

=a,  AG  =  6,  sin  A=«,  cos  A=c, 

we  shall  have  R:a  =  ^:BP=i 

as  ._     ac 

^=:c:AP=^- 

Therefore  F  G  =  6  —  ~.  But 
in  the  right-angled  triangle  B  F  C, 
we  have  (PC(6-^):BP(^) 

=a  R  :  tang  G  = 


<|Ri 
6R— ac 


bVis 


Similarly  tang  B=^^j^_^^^ 

If  the  angle  A  is  obtuse,  G  be- 
comes negative,  and  we  have  tao- 

gentC=.  „  ■  *   ,  and  tang  B 
o  Vk-y  ac 

5R« 


aR-f6c 
The  right-angled  triangle  B  FC 

(«»  +  ji  +  l^),  if  the  MgU 

A  is  obtuse. 
From  the  proportion  A  G  +  G  B 

:AC-CB=:t«ngi(B  +  G):tang 
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J-(B-C) 


it  foUowf  that  in  any 


triangle  the  sam  of  any  two  sides 
is  to  their  difference,  as  the  tah- 
gent  of  half  the  snm  of  the  two  an- 
gles opposite  these  sides,  is  to  the 
tangent  of  half  the  difference  of 
these  same  angles. 

Casi.  4.  Given  the  threcj-sides 
of  a  triangle,  required  the  tliree 
angles. 

Let  B  G  (fig.  M  =  a, . . .  A  B  s  ft 
. ..  AC=d. ..  Rsi ...  and  draw 
A  D  perpendicular  on  B  C. 

By  prop.  47,  Book  1,  Euclid's 
Blemenu  A  B«  —  B  D''  =  A  C^~ 
CI>«  =  ACa— (BC  — BD)« 

Whence 
--^       AB9+BC*  — AC 


ta 


SBC 


orBD 


Again  in  the  right-tfngled  trian- 
gle B  D  A,  we  have 

AB(6)sBD(5^^^;^=r«d 


la 

%ab 

tab 
=  «  sin«  4  B  (18) 


H) :  cos  B  =- 
Therefore 

1— >C08.  B  B 

ri»  — (a~6)s 
tab 

From  this   expression   we   may 
deduce  the  following  proportion  : 
*-«  +  *        £+_«^6^ 

2  2 

:  sin*  ^  B ;  which,  calling  q  the  se- 
miperinieter  becomes 
ab  :  (j  —  o)  ( J  —  6)  =  R«  :  sin*  4 
B ;  and  by  this  expression  we  usu- 
ally calculate  the  value  of  an  an- 
gle from  the  three  sides. 

We    may   also  calculate   it  by 
means  of  the   formula   cos  B  = 

•r — r  (a«4-  *' — d«),  which  gives 
2ab 

2  a  fc  :  a«  +  fr^  —  d«  =  R  :  cos  B. 

b  B 

That  is,  to  find  an  angle  B  in  a 

triangle,  of  which  we   know  the 

three  sides,  we  must  first  find  the 

sum  of  the  squares  of  the  two  sides 

containing  the  angle  required,  and 

subtract  from  this  sum  the  square 

of  the  third  side :  this  will  leave  a 

630 


remainder.  We  must  then  eon* 
struct  this  proportion.  The  donbk 
of  the  recungle  of  the  aide  cuo* 
taining  the  angle  required  is  to 
this  remainder,  as  radius  to  tke 
cosine  uf  the  angle  required. 

If  the  angle  B  iaobtui>e,  we  shsll 
have 

A  formula  equally  conreniest 
for  logarithmic  calculation,  Qisy 
be  obtained  as  followa  : 

1  —  cos  B  =  2  8in«  S  = 

2,(q^a)(g-b) 
ab 

And  1  +  cos  B  =  I  -h  ?^4-*»-^ 

tab 
_  (o-t-6^~€P_  (a+b-^trXtH-b-ii 

tab 
t.  qiq  —  d 


ab 


2 


'Stab 

C08«£ 

t 


byCM) 


:  consequently  we  ha^e 

siu«^  Cg  — a)(y~») 

ab 


9^9  —  ^} 
mb 


L  =  tang85  = 

cos-B  *  t 

— -r- ,  If  ifadios=  R. 

5  (gr  —  tf) 

N.  B.  This  formula  must  not  be 
used,  when  the  angle  sought  for 
is  nearly  180<>. 

Such  are  the  principles  of  plane 
trigonometry.  Other  problems  con 
ceining  triangles  might  be  pro- 
posed ;  but  not  to  multiply  exam« 
pies,  we  shall  add  only  the  follow- 
ing one : 

Given  one  of  the  acute  angles  of 
a  right-angled  plane  triangle,  to- 
gether with  its  surface;  required 
the  three  sides. 

Let  A  be  the  given  angle,  x  the 

opposite  side,  ythe  other  8ide«  and. 

s  the  surface  of  the  triangle.    My 

a  well  known  theorem  x  y  =  2^^ 

and  again,  sin  A  :  cos  A =x :  y. 

tf^  sni  A 

Therefore  ary  =  -^  .    =  2  *. 
cos  A 


Hence 


=  V 


2  s  COS  A 


Kill  A 


=  1/ 


2/ 


R 


—   V'  ^  '  ""  ^  —  ^  'i^  tang  A, 


cos  A 


R 


and  the  hypothenuse  =%/«« + y*=s 


cos  A  sin  A  sin  2  A 

Properties  qf  Spherlcai  Triangles., 

1^  The   arc   coniained   between 

the  pole  of  a  circle  and  any  point 

ot  its  circumference,  is  always  90?. 

t.  The  measure  of  any  spherical 


angle  is  Uie  arc  of  a  great  circle 
comprised  between  iu  sides  at  90' 
distance  from  Uie  summit  of  that 
angle. 

i.  Every  spherical  angle  is  lets 
than  180«. 

4.  Any  side  of  a  spherical  tri- 
angle is  less  than  ISO". 

ff.  The  sum  of  the  sides  of  any 
spherical  triangle  is  always  less 
than  sor. 
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{the  sines  of  the  angles  ar»  propor* 
tional  to  the  sines  of  the  sides. 
14.-  In  any  right«nglcd  spherical 
triangle,  radius  is  to  the  cosine  of 
one  of  the  sides  of  the  rightangle, 
as  the  cosine  of  thepther  side  as  to 
the  cosine  of  the  hypothenuse* 

IS,  Ifan  oblique-angled  spherical 
qiangle  be  divided  into  two  right* 
angled  triangles  by  an  arc  per- 
pendicular  to  its  base,  we  shall 
always  have  the  cosines  of  the 
segments  of  the  base  proportional 
to  the  cosines  of  the  two  adjacent 
sides. 

10.  Li  any  oblique-angled  sphe- 


rical tnangle,  on  the  base  of  whioh 
we  have  let  fall  a  perpendicular 
arc»  and  which  lies  within  the 
triangle,  the  tangent  of  the  half 
base  is  to  the  tangent  of  half  the 
sum  of  the  other  two  sides,  as  the 
tangent  of  the  half  ditference  of 
these  sides  is  to  the  tangent  of  half 
the  difference  of  tlie  segments  of 
the  base. 
I     17.  In  any  right-angled  spherical 


0.  If  from    the  three  angles  of  i  triangle,  radius  is  to  the  cosine  of 


anv  spherical  triangle,  taken  as 
poles,  we  describe  three  arcs, 
whose  meeting  fonns  a  new  sphe* 
rical  triangle,  the  angles  and  sides 
of  this  second  triaiigle  will  be  re* 
ciprocally  the  supplements  of  the 
sides  and  angles  opposite  to  them 
in  the  first  triangle. 

7.  The  sum  of  the  angles  of  a 
spherical  triangle  may  vary  from 
liO*  to  540*  exclusively. 

8.  Two   spherical  triangles  are 
equal,  when  their  angles  are  re 
•pectively  equal. 


9.  In  every  spherical  triangle, 
equal  sides  are  opposite  to  equal 
angles. 

10.  In  any  rightrangled  spherical 
triangle,  each  of  the  oblique  an- 
gles  is  of  the  same  species  as  the 
side  opposite  to  it. 

li.  In  a  spherical  triangle,  if 
the  two  sides  of  the  right-angle 
are  of  the  same  ^ecies,  the  hypo- 
thenuse will  be  less  than  00* ;  and 
if  they  are  of  di£Eerent  Species,  the 
hypothenuse  will  be  greater  than 

13.  In  every  riRht-angled  sphe- 
rical triangle,  radius  is  to  the  sine 
of  the  hypolhennse,  as  the  sine  of 
one  of  the  oblique  angles  is  to  the 
aine  of  the  side  opposite  to  it. 

IJ*  In  any  spnerical  triangle, 
t!37 


one  of  the  sides  of  the  right-angle, 
as  the  sine  of  the  oblique  angle 
opposite  to  the  other  side  is  to  tae 
cosine  of  the  other  oblique  angle. 
18.  If  we  let  fall  an  arc  perpen- 
dicularly on  the  base  of  an  ob- 
lique-angled triangle,  the  sines  of 
the  angles  at  the  summit  will  be 
proportional  to  the  cosines  of  the 
angles  of  the  base. 

10.  In  any  right«ngled  spherical 

triangle,  radius  is  to  the  cosine  of 

one  of  the  oblique  angles,  as  the 

I  tangent  of  the  hypothentue  is  to 


I  the  tangent  of  the  ude  opposite  to 
the  other  angle. 

50.  If  we  let  fall  an  arc  perjien- 
dicularly  on  the  base  of  an  oblique. 
angled  spherical  triangle,  the  co- 
sines of  the  angles  at  the  summit 
will  always  be  reciprocally  propor- 
tional to  the  tangenta  of  the  aqjar 
cent  sides. 

51.  In  any  right«ngled  triangle, 
radius  is  to  the  sine  of  one  of  the 
sides  of  the  right-angle,  as  the 
tangent  of  the  oblique  angle  oppo- 
site to  the  other  side  is  to  the  tan- 
gent of  this  last  side. 

23.  In  every  right-angled  spheri- 
cal triangle,  radius  is  to  the  cosine 
of  the  hypothenuse,  as  the  Canp^eht 
of  one  of  the  oblique  angles  is  to 
the  cotangent  of  the  other  angle* 
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Solution  of  tke  different  Cases  of 
Obliquo'angled  Spherical  Tri- 
angles. 

Here  there  are  as  many  varieties 
as  there  are  different  combinations 
among  the  six  parts  of  a  triangle, 
taken  four  by  four.  But  there  are 
fifteen  of  these  combinations,  and 
each  admits  of  three  different 
cases.  Consequently,  there  are  45 
problems  to  solve  relating  to  obli- 
que-angled triangles.  But,  as  the 
resolution  of  one  frequently  in- 
eludes  that  of  several  others,  they 
may  be  i^educed  to  the  twelve  foi* 
lowing  cases : 

Ccute  1.  In  an  oblique-angled 
spherical  triangle  ABC,  (fig.  0.) 
given  the  angles  B  and  A,  and  the 
side  opposite  to  the  angle  A,  to 
find  the  side  A  C  opposite  to  the 
other  angle. 

Case  S.  Given  the  two  angles  A, 
4'fig.  7,  8.)  and  B,  with  the  side 
B  C,  opposite  to  the  angle  A,  to 
find  ihe  third  angle. 

Let  fall  the  perpendicular  arc 
C  D,  and  in  the  triangle  B  C  D  we 
shall  have 

R :  cos  BC  =  tang  B  :  cot  BCD 
And  then 

cos  B :  cos  A=:  sin  B  C  D :  sin  A  C  D. 
Adding  these  two  angles,  or  sub* 
trading  one  from  the  other,  ac> 
cording  as  the  given  angles  A  and 
B  are  of  the  same  or  of  different 
•pecies,  we  shall  have  the  angle  C 
requir(^d. 

Case  3.  Given  two  angles  A  and 
B,  fig.  Tor  8,  with  the  opposite  side 
B  C,  as  in  the  preceding  case,  to 
find  the  side  contained  between 
these  two  angles* 

The  perpendiotilar  arc  G  D  fbrms 
the  two  righ tangled  triangles  A  C  D 
and  DCB,  the  last  of  which  gives 
R  :  cos  B  =  tang  B C  t  Ung  BD 
Besides  we  have 
tang  A  :  tang  B  =  sin  B  ^  :  sin  A  D. 
■  Consequently,  we  shall  have  A  B 
=  AD  +  D  B,  according  as  the 
angles  given  are  of  the  same  or  of 
different  species. 

Case  4.  Given  the  two  angles  A 
and  C,  fig.  7  or  8,  with  the  side  on 
-which  these  angles  are  formed,  to 
find  the  thiid  angle  B 

First, 
R :  cos  A  C  =  tang  A :  cot  A  C  D 

And  then, 
6UiACO:sinBCD=s608A;coflB. 
S30 


The  angle  B  C  D  is  found  by  sub- 
tracting A  C  D  from  A  C  B,  when 
the  arc  falls  perpendicularly  with- 
in the  triangle ;  but  when  this  arc 
falls  without,  we  must  subtract  the 
angle  AG  B  from  the  angle  A  G  D, 
in  order  to  find  BCD. 

Case  5.  Given  as  before,  the  two 
angles  A  and  C,  with  tUe  contained 
side  AC,  to  find  the  two  other 
sides,  B  C  for  example. 

First, 
R :  cos  A  G = tang  A :  cot  A  C  D 

And  then, 
cos  BCD  :  cos  ACD  =  taDg  AC: 

UngBG. 

Case  0.  Suppose  any  two  sides 
given,  A  C  and  B  C  fig.  0,  with  one 
of  the  angles  opposite  to  those 
sides,  such  as  the  angle  A ;  to  find 
the  angle  B,  opposite  to  the  other 
side. 

This  problem  may  be  resolved  by 
the  Wtell  known  proportion 

sin  B  G  :  sin  A  C  c=  sin  A  :  sin  B 

This  problem  falls  within  the 
first  case ;  they  differ  only  by  an 
inversion  of  the  terms  in  the  pro- 
portion which  resolves  both. 

Ccue  7.  The  same  things  being 
given,  required  the  third  side  A  B. 
R :  cos  A  =  tang  A  C  :  tang  A  D 
cos  A  C :  cos  B  C==  cos  A  D :  cos  BD. 

Case  8.  On  the  same  suppositionsa 
to  find  the  angle  C,  contained  be- 
tween the  given  sides  A  C  and  B  C, 
R:  cosAC  =  tang  A  :  cotACD. 

and, 
tang  BC :  Ung  AC=cos  AGD :  BCD. 

Whence  we  deduct  A  C  B  =:  ACD 
±  B  G  D,  according  as  the  sides 
A  C  and  B  C  are  of  the  same  or  of 
different  specfes. 

The  supplemental  triangle  it 
equally  pmper  to  resolve  this  pro- 
blem by  reducing  it  to  the  third 
case. 

Case  9.  Given  the  two  sides  A  C 
and  AB,  and  the  angle  A,  con- 
tained between  them,  to  find  the 
other  side  B  C. 

R :  cos  A  =:  tang  AC  :  tang  A  D 
cos  A  D  :  cos  B  D  =  cos  A  C  :  cos  EC. 

Case  10.  The  same  things  being 
given,  to  find  one  of  the  other  two 
angles,  the  angle  B,  for  example. . 
R  :  cos  A  =  tang  A  G  :  tang  AD 
sin  B  D  :  sin  A  D  K  tang  A  :  tans  B. 

Case  11.  If  the  three  sides  were 
given,  how  should  we  find  one  of 
the  three  angles,  A  for  exampl^t 
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We  know  that ' 

tang  -i- :  Ung = 

AC->BC           AD  — DB 
*»»« 5 :tan5 — «^ 

This  first  proportion  will  gire  us 
the  segment  AD,  and  the  follow- 
fog  one  will  give  the  angle  A. 
tang  A  C  :  tang  A  D  =  R  :  cos  A. 

This  last  case  may  be  resolved 
hy  one  proportion,  which  may  be 
investigated  in  the  following  man- 
ner, and  which  will  serve  co  ex- 
emplify  the  use  of  the  trigononfte- 
trical  formulas. 

in  the  oblique-angled  spherical 
triangle  A  B  C  fig.  10.  call  the  side 
B  C,  a  ;  A  C,  ft  /  and  the  side  A  B,  e. 

Imagine  O  to  be  the  centre  of 
the  sphere,  and  from  -the  point  A, 
draw  A  P,  A  Q,  tangents  to  the  arcs 
A B,  AC.  Then  by  EacHd,  def.  A, 
Book  XI,  the  angle  Q  A  P  is  equal 
to  the  spherical  angle  A,  and  the 
ai^le  at  O  is  measured  by  the  arc 
BG.  Draw  OQ  and  OP,  then  will 
O  A  be  the  secant  of  the  arc  AC, 
and  O  P  that  of  the  arc  A  B. 

We  have  in  general 
.       AQ*-4-AP«-PQ» 

*^'^=        >APXAQ     -^'^ 

tanR«fr  -h  tanf»«  c  —  P  Q« 
cos  A  =s  ■■■»     '  ■         ■      ■ 

2  tang- 6  tang  c 

whence 

P  Q^=.  tang8  b  -f  tang  c  —  a  tang  b 

tang  c  cos  A. 

For  similar  reasons, 
P  Q^ = sec^fr  -4-  sec*  c  =  8  sec  b  sec  c 
eos   a,   and   subtracting    the   pre- 
ceding  equation   from   this   latter 
one,  we  have  a=  1  -f-  1  +  2  tang  b 
tang  e  cos  A  —  3  sec  6  sec  c  cos  a, 
because    sec^  —  tang*  =  R?  =  1, 
Whence  by  transposition, 
•OS  A  = 

eos  a 
1 

cosasecfrsecc  —  1      cos  6  cose 


tang  b  tang  c         tang  b  tang  c 
cos  a  —  cos  b  cos  c 
cos  6  cos  c  tung  b  tang  c 

(because  sec  b  =  — — ^  ). 
cos  b 

Again,  since  cos  b  tang  b  =  sin  6, 

the  expression  becomes 

,       cos  a  —  cos  b  cos  c 

cos  A  = 

sin  6  sin  c 
540 


I     Conteqoentlyl -t- eo»  As:   -  • 
cos  a  —  (cos  b  cos  c  —  %in  bwkne} 

sin  b  sin  c 
^co..-cm(fr  +  ,) 

Sin  b  cos  c 

But  in  general  (17)  we  have  co9 

P4-Q  P— 0 

Q  —  cosP«  t  sin  1-5^  X  sin^-J 

and  therefore  1  +  cos  A  = 

,.i„(l±|±f)x.i„(*±|=?) 


sm  b  sin  c 
_  g  sin  S.  sin  (S  —•  a^ 

sin  b  sin  c 

by  taking  S=;--^T'' 

But  we  have  shown  that  1  +  cos 

*A 

A  =  J  cos  —-.    Therefore 


eos 


*A      sin  S.  sin  (S  —  a) 

TT  =  ■  ■     .  — : — .  and 


8 


sin  b  sin  c 


«^  A  __  t/  siu  8.  sin  (S  —  «) 

COS  —   =:  :f 

8                    bin  b  sin  c 
radius  =  I ' 

or,  cos  ^  =  l/R<s...8.s,M(S=g 

8  sin  b  siu  c 

if  radius  =  R 

Ofiue  IS.  Given  the  three  angles, 
to  find  a  side,  AC  fig.  li,  for  ex- 
ample. This  case  resolved  by  the 
sum>lemental  triangle  would  not 
differ  from  the  preceding  problem. 
But  it  may  also  be  resolved  by  ihe 
two  following  proportions,  if  we 
suppose  that  the  arc  C  £  bisects 
the  angle  ACB.  For  we  have 
first 

A  +  B^        B— A 
cot  -^~:tang  — ^ —  =  tang  4 

C  :  tang  D  C  B 
and  then, 

Ung  A  :  cot  A  C  D=  R  :  cos  A  C. 

The  first  proportion  gives  the 
value  of  tbe  angle  DOE,  which 
being  added  to  the  angle  ACB, 
will  shew  the  angle  A C  !>.  And  this 
once  known,  we  directly  obtain  the 
required  side  AC,  by  the  second 
proportion. 

TRILATERAL,  three-9ided,\ 
term  applied  to  any  figure  o£  ihiee 
sides. 

TRILLION,  in  ArUfimetic,  ac- 
cording to  the  English  notation,  is 
one  million  billions;  but  accord- 
ing to  the  French  it  is  a  thousand. 
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billions,  their  billion  itself  being  a 
thousand  millions;  so  that  wiih 
English  arithmeticians  a  trillion 
occupies  the  19th  place  of  figures, 
but  with  the  French  only  the  13th. 
See  Billion. 

TRINOMIAL,  in  Algebra,  any 
quantity  of  three  dimensions,  as 
:fi+xt/-\-az;ora  +6—  c,  &c. 

TRIPLICATE  Batio,  the  ratio  of 
-  the  cubes  of  two  quantities  ;  thus 
the  ratio  of  efi  io  b^  is  triplicate  of 
the  ratio  of  a  to  b. 

TRISECTION,  as  the  name  im- 
ports, is  the  division  of  any  thing 
into  three  equal  parts,  as  a  line, 
angle,  &c. 

Triskction  of  Atlgle,  is  a  prob- 
lem which  has  engaged  the  atten- 
tion of  niatheniaticians  from  the 
earliest  period  of  authentic  his- 
tory ;  that  is,  the  trisection  of  an 
angle  geometrically,  or  with  the 
ruler  and  compasses  only,  being 
in  point  of  ditUculty,  or  rather, 
perhaps,  of  impossibility,  on  a 
footing  with  the  other  two  cele- 
brated ancient  problems,  viz.  the 
duplication  of  the  cube,  and  ttie 
quadrature  of  the  circle.  Analy- 
tically the  problem  involves  uo 
difficulty,  for  since  the 

sin.  3  a  =  3  siu.  a  —  4  sin.^  a, 
we  have 

sin.8  a  —  I  sin.  a  =  —  J  sin.  3  a 
whence  by  Cardan's  formula 

•in.  II  =  J  ^  J  —  sin.  3  o  -f  ^ 
(sin.«3a  — 1)| 

J^  |— sin.  3  a  — v/ 

(sin.«3a— 1;| 

TROCHOID,  the  same  as  cycloid. 

TROPICS,  iu  Astronomy  and 
Geography f  are  two  circles  su)>- 
posed  to  be  drawn  on  each  side  of 
tite  equinoctial  and  parallel  there- 
to. That  on  the  north  side  of  the 
line  is  called  the  tiopic  of  Cancer, 
and  the  southern  tropic  has  the 
name  of  Capricorn,  as  passing 
through  the  beginning  of  those 
fiigns.  These  are  distant  from  the 
equinoctial  33°  27/  441",  the  measure 
of  the  obliqnity  of  the  ecliptic. 

TROY  Weight,  an  English  weight, 
used  in  buying  and  selling  gold, 
silver,  and  other  articles  of  jewel- 
lery. 
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TRUMPET,  the  name  of  an  in- 
strument used  either  for  the  pur- 
pose of  being  heard  at  a  great 
distance,  or  to  apply  to  the  ear, 
for  increasing  sound,  and  render- 
ing it  distinct,  the  former  being 
called  a  speaking  and  the  latter  a 
hearing  trumpet. 

Speaking  Trumpet,  is  a  tube  of 
considerable  length,  viz*  from  six 
feet  to  12,  and  even  more,  used 
for  speaking  with,  to  make  the 
voice  heard  to  a  p;reater  distance. 
In  a  trumpet  of  this  kind  the  sound 
in  one  direction  is  supposed  to  be 
increased,  not  so  much  by  its  being 
prevented  from  spreading  all 
round,  as  by  the  reflection  front 
the  sides  of  the  trumpet.  The  fi- 
gure best  suited  for  a  speaking 
trumpet  is  that  which  is  generated 
by  the  rotation  of  a  parabpla, 
about  a  line  parallel  to  the  axis. 

Hearing  Trumpet,  is  an  instru- 
ment to  assist  the  hearing  of  per- 
sons who  are  deaf.  Instruments 
of  this  kind  are  formed  of  tubes, 
with  a  wide  mouth,  and  terminat- 
ing in  a  small  canal,  which  is  ap- 
plied to  the  ear. 

TRUNCATED  Pyramid  or  Cone, 
is  used  to  denote  the  bottom  pai-t 
of  either  of  those  solids  when  cut 
by  a  plane  passing  parallel  to  its 
base. 

TUBE*  a  hollow  cylinder. 

TWILIGHT,  in  Astronomy,  is 
that  faint  light  which  is  perceived 
before  the  sun-rising,  and  after 
sun-setting.  The  twilight  is  occa- 
sioned by  the  earth's  atmosphere 
refracting  the  rays  of  the  sun,  and 
reflecting  them  among  itsr particles. 
On  a  medium,  about  18**  of  the 
sun's  depression  will  serve  tolera- 
bly well  for  our  latitude,  for  the 
beginning  and  end  of  twilight,  aiid 
according  to  which  it  is  easy  to 
compute  the  duration  of  twilight 
for  any  latitude  and  declination. 

To  find  the  time  of  sliortest  twi- 
light  at  any  given  place,  say  as 
radius  to  the  sine  of  the  latitude, 
so  is  the  tangent  of  0°  to  the  sine 
of  the  sun's  declination  at  the  time 
required.  The  declinaCicm  of  the 
sun  and  the  latitude  of  the  place 
must  be  of  contrary  kinds. 

TWINKLING  of  the   5tar«,  de- 
notes that  tremulous  niiolvm  viV\\cVi 
is  observed  in  the  light  i>voceeA\»g 
from  the  fixed  Rtars. 
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VACUUM,  in  Phfsics,  a  space 
empty  or  devoid  of  all  matter. 

JBoileanutn  Vacuum,  is  used  to 
express  that  approach  towards  a 
real  vacuum,  which  we  arrive  at 
by  means  of  the  air-pump.  Hence, 
any  thing  put  in  a  receiver  so  ex- 
hausted, is  said  to  be  in  vacuo ; 
and  the  experiments  thus  carried 
on  are  said  to  be  performed  in  va- 
cuo ^  or  in  vacuo  Boileano, 

Toi-rlcelllan  Vacuum,  is  that 
made  in  the  barometer-tube,  be- 
tween the  upper  end  and  the  top 
of  the  mercury.  This  is,  perhaps, 
never  a  perfect  and  entire  vacuum; 
as  all  fluids  are  found  to  yield  or 
to  rise  in  elastic  vapours,  on  the 
removal  of  the  pressure  of  the  at- 
mosphere. 

VALVE,  in  IlpdraulieSt  Pneuma- 
ticSf  See.  is  a  kmd  of  lid  or  cover 
to  a  tube,  vessel,  or  orifice,  con- 
trived to  open  one  way  ;  but  which, 
the  more  forcibly  it  is  pressed  the 
other  way,  the  closer  it  shuts  the 
aperture,  like  the  clapper  of  a 
pair  of  bellows:  so  that  it  either 
admits  the  entrance  of  a  fluid  into 
the  tube  or  vessel,  and  prevents 
its  return,  or  permits  it  to  escape, 
and  prevents  its  re-entrance. 

;  VANE8,  in  Mathematical  and 
Philosophical  Instruments,  are 
sights  made  to  slide  and  move 
upon  cross  slaves,  fore  slaves, 
quadrants,  &c. 

VANISHING  Fractions,  are 
fractions  in  which,  by  giving  a 
certain  value  to  the  variable  quan- 
tity or  quantities  which  enter  into 
them,  both  numerator  and  deno- 
minator   become    zero,    and    the 

fraction  itself—. 
0* 

We  have  the  following  rule  for 
flnding  the  value  of  vanishing 
fractions. 

1.  If  both  the  terms  of  the  given 

fraction  be  rational,  divide  each 

of  them  by  their  greatest  common 

measure  ;  ihen,  if  the  hypotiiesis 

which  is  found  tu  reduce  the  oii- 

0 
ginal  expression  to  the  form  —    be 

applied  to  the   result,  it  will  five 
the  true  value  of  the   fraction  in 
the  Slate  under  cunsideratiun. 
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S.  When  any  part  of  the  fraction 
is  irrational,  observe  what  the  un- 
known quantity  is  equal  to,  when 
the  numerator  and  denominator 
both  vanish,  and  put  it  equal  to 
tliat  quantity  -\-  and  —  i ;  then  if 
this  be  substituted  for  the  un- 
known quantity,  and  the  roots  of 
the  surds  be  extracted  ..to  a  snfli- 
cient  number  of  places,  the  result, 
when  i  is  put  equal  to  0,  will  give 
the  true  value  of  the  fraction. 

From  which  rule  the  author  ob- 
tains the  following  results  : 
a«  — «i« 

=  2  a,  when  x  =  a 


1. 


2. 


X  — a 


==  4,  when  ar  =  1 


3. 


4. 


1  — X 
&(x~Vtfx)_^  ^ 
'  =4*»''henx=« 


X — a 

xm —  am 


ma"* — I,  when  x= a 
jT  —  a 

&c.  &c. 

VAPOUR,  in  Meteorology,  si  thin 
humid  matter,  which  bemg  ran- 
fied  to  a  certain  degree  by  the  ac- 
tion of  heat,  ascends  to  a  height 
in  the  atmosphere,  where  it  is  sus- 
pended unill  it  returns  in  the  i'urni 
of  dew,  rain,  snow,  Sec, 

VARIABLE  Quantitiet,  denote 
such  as  are  either  continaally  in- 
creasing or  diminishing  ;  in  oppo- 
sition to  those  which  aie  constant, 
remaining  always  the  same. 

Ratio  of  Yariabuz  Quantities.— 
In  the  investigation  of  the  relation 
which  varying  and  dependent 
quantities  bear  to  each  other,  the 
conclusions  are  more  readily  ob- 
tained by  expressing  only  two 
terms  in  each  proportion  thaa  by 
retaining  the  four. 

1.  One  quantitv  is  said  to  vary 
directly  as  another,  when  their 
magnitudes  depend  wholly  upon 
each  other,  and  in  snch  a  manner, 
that  if  one  be  changed,  the  other 
is  changed  in  the  same  proportion. 
Let  A  and  B  be  mutually  depen- 
dent upon  each  other  in  sucli  a 
way,  that  if  A  be  changed  to  any 
other  vahie  a,  B  must  be  cttangfd 
to  anotlier  value  6,  such  that  A  :  a 
=  B  :  6,  then  A  is  said  to  vary  di- 
rectly as  B,  which  is  denoted  \,y 
the  symbol  oc  placed  between  tlie 
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two  quantities.  Tims,  for  example, 
wtiile  the  aiiituiie  of  a  triangle 
remains  constant,  the  area  varies 
direcHy  as  tlie  base  or  the  area  oc 
base.  For  it'  ilie  base  be  increased 
or  diminished,  the  area  is  increased 
or  diminished  in  the  t>ame  pro* 
portion. 

2.  One  quantity  is  said  to  vary 
inversely^  as  another,  wheu  one 
cannot  be  cl^anged  in  any  man- 
ner, but  the  reciprocal  of  the  other 
is  changed  in  the  same  proportion. 
A  varies  inversely  as  B,  or  A  QC 

<~  if  when  A  is  changed  to  a,  B  be 
B 
changed  to  b,  in  such  a  manner 

that  A  :  a  =.  tr  •  —  pr  A  :  a  =  6  ; 
JS       o 

B. 

For  example^;  if  th€  area  of  a 
triangle  be  given,  the  base  varies 
inversely  as  the  perpendicular  aU 
tiiude. 

Let  A  and  a  represent  the  alti- 
tudes, B  and  b,  the  bases  of  two 
triangles  equal  in  area ;  then 

AXB       axb       4^„         ^, 

= or  Ax  B«ax6; 

2  2 

therefore,  A:a  =  6:BorA:a  = 
1.1 

bT 

3.  One  quantity  is  said  to  vai-y 
as  two  others  jointly,  if  when  the 
former  is  changed  in  any  manner, 
the  product  of  the  other  two  are 
changed  in  the  sante  proportion. 
That  is,  A  varies  as  B  and  C  joint- 
ly, or  A  QC  BC,  when  A  cannot 
be  changed  to  a,  but  tbe  product 
BC  must  be  changed  to  be,  such 
that  A  :  «'=  B  C  :  6  c.  The  arear  ot 
a  triangle,  tbr  example,  varies  as 
its  base  and  perpendicular  altitude 
jointly.  For  let  A,  B,  P  represent 
the  area,  base,  and  perpendicular 
of  one  triangle ;  a,h,p  the  same 
in  anotker,  then  B  P  =  2  A  in  the 
Urst,   and  bp  =  ^a  in  the  second, 

..       r         A      BP 

therefore,  —  =  -r—*  o*" 
a      ■  bp^ 

A  :  a  =  BJP  :  bp. 

4.  One   quantity  is  said  to  vary 

directly  as  a  second,  and  inversely 

as  a  third,   when  the  lirst  cannot 

be   changed  in  any  manner,  but 

the  secohd  multiplied  by  the  reci 


the  same  proportion.  That  is,  A  CC 

H  R      A 

~  when  A  ;  a  =  -  ;  -,  A,  B,  C  ;  a, 

b,  c,  being  corresponding  values  of 
the  three  quantities. 

For  example,  the  base  of  a  trian- 
gle varies  as  the  art-a  directly,  and 
the  perpendicular  altitude  inverse- 
ly.   For,  a^  in  the   preceding  ex- 

,      BP        A  .... 

ample,  — —  =  —  ,   or   multiplymg 
up         a' 

both  sides  by  ^  ^^  have  -r  ■=■  rr  > 
P  6       Ptt 


whence 


The  following  are  some  of  the 
principal  propositions  relating  to 
the  ratio  of  variable  quantities. 

If  A  OC  B,  and  B  a  C,  ttien  A 
OC  c 

If  A  X   B,  and  B  OC   77  ,    then 

If  A  OC    B,  and  B  QC  C,  then  A 

±  B  QC   v/A  B  QC  C 
If  A  QC   B,  and  m  is  any  given 

number,  then  A  OC  m  B 
If  A  OC  B ;  then  A«  CC   B«,    or 

A»  QC   B"* 
If  A  QC  B,  and'M  OC  m;   then 
AM  OC  am  / 

X 

If  A  OC  B  C ;  then  3  OC   7;  and 

If  A  B  be  constant ;  then  A  QC 
J  and  B  OC    i 

If  A  OC  B  and  B  and  G  CC  D ; 
then  A  C  0:  B  D.  Wood's  Al- 
gebra. 

Variation  of  Curvature,  is  used 
for  that  inequality  or  change 
which  takes  place  in  the  curva- 
ture of  all  curves  except  th^  circle, 
by  which  their  <*urvature  is  more 
or  less  in  difl'erent  parts  of  them. 
And  this  variation  constitutes  the 
quality  of  the  curvature  of  any  line. 

From  the  definition  may  be  de- 
rived practical  rnles  for  the  vari- 
tion  of  curvature,  as  foUoN««  •. 

1.  Find  the  radins  oC  euKN^vnte, 


pi-Qcalof  the  third,  is  changed  in  orrather  its  fluxion  \  %\xftxi  A\v\de 
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tTils  flaxion  by  the  fluxion  of  the 
curve,  and  the  quotient  will  give 
the  variation  of  curvature  ;  ex- 
terminating the  fluxions  when  ne- 
cesKary,  by  the  equation  of  the 
curve, or  by  expressing  their  ratio 
by  help  ot  the  tangent,  or  ordi- 
uate,  or  sabuomial«  &c. 

2.  Since  — rTi  or  — r:     (  pot- 
^  —  xy  — y 

ting  X  =  1)  denotes  the  radius  of 
curvature  of  any  curve  %»  whose 
absciss  is  x,  and  ordinate  y  ;  if  the 
fluxion  of  this  is  divided  by  s,  and 
X  and  X  are  exterminated,  the  ge- 
neral  value  of  the  variation  will 


come  out 


—  3  »  y«  4-  y  (t  -I-  .v^) ; 

then,  substituting  the  values  of  y, 

y,  y,  (found  from  the  eqnation  of 
the  curve)  into  this  quantity,  it 
will  give  tne  variation  souglit. 

Variation,  or  DeclkuUion of  the 
Magnetic  Needle^  is  the  rii^innce 
of  the  magnetic  from  the  true  me. 
ridian  in  degrees  measured  upon 
the  horizon.  Inclination  is  the 
angle  which  the  dipping-needle 
makes  with  the  horizon,  as  mea- 
sured on  a  vertical  or  azimuth  cir- 
cle. The  chaniies  in  the  declina- 
tion and  inclination  may  be  repre- 
sented by  the  words  variation  and 
alteration  refipectively. 

After  the  discovery  of  that  most 
useful  property  of  the  magnet,  or 
loadstone  ;  namely,  the  giving  har- 
dened iron  and  steel  a  polarity, 
the  compass  was  for  many  years 
used  without  knowing  that  its  di- 
rection in  any  wise  deviated  from 
the  poles  of  the  world  ;  and  about 
the  middle  of  the  sixteenth  centu- 
ry, so  certain  were  some  of  its  in- 
flexibly pointing  to  the  north,  that 
they  treated  with  contempt  the 
notion  of  the  variation,  which  about 
that  time  began  to  be  suspecied. 
However,  careful  observations 
soon  discovered,  that  in  England 
and  its  neighbourhood,  the  needle 
pointed  to  the  eastward  of  the 
true  north ;  but  the  quantity  of 
this  deviation  being  known,  mari- 
ners became  as  well  satisfied  as  if 
the  compass  had  none,  because 
they  imagined  that  the  true  course 
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conld  be  obtained  by  making  aU 
lowance  for  the  true  declination. 
From  successive  observations 
made  afterwards,  it  was  found 
tliat  the  deviation  of  the  needle 
from  the  north  was  not  a  constant 
quantity,  but  tliat  it  gradually  di* 
minished ;  and,  at  laHt,  about  the 
year  1968  or  1600,  it  was  found  at 
London  that  the  needle  pointed 
due-north,  and  has  ever  since  been 
getting  to  the  westward  ;  and  now 
the  declination  is  more  than  SI*  to 
the  westward  of  the  north  ;  so  that 
in  any  one  place  it  may  be  sus- 
pected the  declination  has  a  kind 
of  Itbratory  motion,  traversing 
through  the  north  to  unknown  li- 
mits eastward  and  westward.  Bat 
the  settling  of  this  point  must  be 
left  to  time. 

During  the  time  of  the  said  ob- 
servations, it  was  also  discovered 
that  the  declination  of  tiie  needle 
was  different  in  diflerent  parts  of 
the  world,  it  being  west  in  some 
places  when  it  was  east  in  others; 
and  in  places  where  the  declina- 
tion was  of  the  same  name,  yet  the 
quantity  of  it  greatly  diflfered.  It 
was  therefore  found  necessary, 
that  mariners  should  every  day, 
or  as  often  as  they  had  opportuni- 
ty, make,  during  their  voyage,  pro- 
per observations  for  an  amplitude 
or  azimuth ;  whereby  they  might 
be  enabled  to  find  the  declination 
of  the  compass  in  their  present 
place,  and  thence  correct  their 
courses. 

M,  Euler  first  examines  the  case 
wherein  the  two  magnetic  poles 
are  diametrically  opposite ;  second, 
he  places  them  in  the  two  opposite 
meridians,  but  at  unequal  distances 
from  the  poles  of  tlie  world  ;  third, 
he  places  them  in  the  same  meri- 
dians. Finally,  he  considers  them 
situated  in  twoditVerent  meridians. 
These  four  cases  may  become 
equally  important;  becitase,  if  it 
is  determined  that  there  are  only 
two  magnetic  poles,  and  that  these 
poles  change  their  situations,  it 
may  some  time  hereafter  be  disco- 
vered that  they  pass  through  all 
the  different  )M)sitions. 

Since  the  needle  of  the  compass 
ought  always  to  be  in  the  plune 
which  passes  through  the  place  of 
observation     and     two    ntagnetio 
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po^es,  the  problem  is  reduced  tu 
the  discovery  of  the  angle  contain- 
ed between  this  plane  and  the 
plane  of  the  meridian.  M.  Euler, 
after  having  examined  the  diflerent 
cases,  finds  that  they  also  express 
the  earth's  magnetism, represented 
in  the  chart  published  by  Messrs. 
Mountain  and  Dodson  in  1774,  par- 
ticularly throughont  Europe  and 
North  America,  if  the  following 
principles  are  established. 

Between  the  arctic  pole  and  the 
magnetic  pole  14"  53f. 

Between  the  antarctic  pole  and 
the  other  magnetic  pole  20^  23/. 

53''  18/  the  angle  at  the  north- 
pole,  formed  by  the  meridian's 
passing  throagh  the  two  magnetic 
poles- 

250"  the  longitude  of  the  meridi- 
an, which  passes  over  the  norlhern 
magnetic  pole. 

As  the  observations  -which  have 
been  collected  with  regard  to  the 
variation  are  for  the  most  part 
loose  and  inaccurate,  it  is  impossi- 
ble to  represent  them  all  with  pre- 
cision ;  and  the  great  variations 
observed  in  the  Indian  ocean  seem 
to  require,  says  M.  Euler,  that.the 
three  first  quantities  should  be  14, 
35,  and  65  degrees. 

Calculus  of  Variations,  is  a  par- 
ticular cafculns,  by  which  having 
given  an  expression,  or  function, 
of  two  or  more  quantities  of  which 
the  ratio  is  expressed  by  a  deter- 
minate law,  we  find  wlial  this  func- 
tion must  become,  when  we  sup- 
pose this  law  itself  to  experience 
an  infinitely  small  variation,  occa- 
sioned by  the  variation  of  one  or 
more  of  the  quantities  by  which  it 
is  expressed. 

This  calculus  offers  the  only  ge- 
neral and  frequently  the  (miy  pos- 
sible means  of  solvmg  those  prob- 
lems generally  termed  isoperinie- 
trical. 

Here  every  problem  requires  us 

ultimately   to  find  the  maximum 

or  minimum  of  a  formula,  such  as 

/Zdx,  where  Z  is  a  function  of  x 

with  constant  quantities ;  of  x  and 

y,  or  of  ar,  y,  and  z,  or  of  a  |>reater 

number  ot   variables  ;    or  Z  may 

even  contain  ceitain  integrals,   as 

y  V,  or  integrals  of  integrals,  as/ 

V/v,  &c.  the  general  solution   of 

which,  as  We  observed  above,  we 
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owe  exclusively  to  Lagrange,  al> 
though  certain  cases  had  been  pre- 
viously considered,  and  some  for- 
mulae of  soluiioii  already  estab- 
lished by  Euler,  in  his  celebrated 
work,  **  Methodus  inveniendi  cur- 
vas,  &c."  For  a  more  circuitistan* 
tial  account  of  the  successive  im- 
provements of  this  calculus,  as 
well  as  for  an  illustration  of  its 
principles,  and  application  to  va- 
rious problems,  we  lel'er  the  rea* 
der  to  Woodhouse's  **  Treatise  on 
Isoperimelrical  Problems,  and  the 
Calculus  of  Variations,"  8vo.  ISIO. 
See  also  Lagrange's  "  Theorie  des 
Fonctions  Analytiques,"  and  the 
**  Lt-fions  sur  la  Galcul  des  Fonc- 
tions," of  the  same  author. 

VAULT,  in  Architecture,  an 
arched  roof,  so  constructed  that 
the  stones  which  form  it  sustain 
each  other. 

VELOCITY,  or  Swiftness,  or 
Cblbrity,  in  Mechanics,  is  that 
afieclion  of  motion,  by  which  a 
moving  body  passes  »  certain  space 
in  a  certain  time.  It  is  always 
proportional  to  the  space  passed 
over  in  a  given  time  when  tne  ve- 
locity is  uniform,  or  constant  da- 
ring that  time. 

Velocity,  is  either  uniform  or 
variable.  Uniform,  or  equal  velo- 
city, is  that  with  which  a  body 
passes  always  over  equal  spaces 
in  equal  times.  And  it  is  variable, 
or  unequal,  when  the  spaces  passed 
over  in  equal  times  are  unequal ; 
in  which  case  it  is  either  accele- 
rated or  retarded  velocity;  and 
this  acceleration^  or  retardation, 
may  also  be  equal  or  unequal,  >.  e. 
uniform  or  vai  iable,  &c.  See  AcCK« 
LERATiON  and  Motion. 

Vklocitv  is  also  either  absolute 
or  relative.  Absolute  velocity  is 
that  we  have  hitherto  been  con- 
sidering, in  which  the  velocity  of 
a  body  is  considered  simply  in  it- 
self, or  as  passing  over  a  certain 
space  in  a  certain  time.  But  re- 
lative or  respective  velocity  is  that 
with  which  bodies  approach  to,  or 
recede  from  one  anotner,  whether 
they  both  move,  or  one  of  them 
be  at  rest.  Thus,  if  one  body 
move  with  the  absolute  velocity 
of  two  feet  per  second,  and  ano- 
ther with  that  of  six  feet  per  se- 
cond ;  then  if  they  move  directly 
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towaiiU  each  other,  the  relative 
velocity  with  wliich  they  approach 
ii  that  of  eiglit  feet  per  second ; 
but  it'  tliey  move  botli  the  same 
way,  so  that  the  latter  overtake 
the  former,  then  the  relative  velo- 
city with  which  that  overtakes  it, 
is  only  that  of  four  feet  per  se- 
cond,  or  only  half  of  the  former  ; 
and  consequently  it  will  take  dou« 
ble  the  time  of  the  former  before 
they  come  in  contact  tog^ether. 

Initial  Vblocity,  the  velocity 
with  which  a  body  begins  to  move. 
Vertuai  Vklocity  of  a  point  so- 
licited by  any  force,  is  the  element 
of  the  space  whicn  it  would  de- 
scribe in  the  direction  of  the 
power,  when  the  system  is  sup- 
posed to  have  undergone  an  in- 
definitely small  derangement. 

Prlticipleof  Vertuai  Vklocities, 
in  Mechanics f  is  much  employed 
by  the  foreign  mathematicians, 
and  is  Urns  enunciated :  if  any 
system  whatever  is  solicited  by 
powers  in  equilibrio,  and  tliere  be 
given  to  this  system  anv  small  mo- 
tion, in  virtue  of  which  every 
point  describes  an  indefinitely 
small  space,  the  sum  of  the  pro- 
ducts of  each  power,  multiplied  b^' 
the  space  that  the  point  where  it 
is  applied  would  describe,  accord- 
ing to  the  direction  of  the  same 
power,  will  be  i\lways  equal  to 
eero;  regarding  as  positive  the 
small  spaces  described  in  the  sense 
of  the  powers ;  uiul  as  negative, 
those  described  in  the  opposite 
sense. 

This  principle  i^due  to  Galileo. 
For  its  history  and  deinuiistraiion, 
see  Mechaniquede  La  Grange,  p.  8. 
VENTILATOR,  a  machine  by 
which  the  noxious  air  of  any  close 
place  may  be  discharged  and 
chanp:ed  for  fresh  air. 

VENUS,  tiie  second  planet  of 
our  system,  in  order  from  the  oun, 
revolving  between  the  orbits  of 
Mercury  and  the  earth,  her  mean 
distance  being  *723,  that  of  the 
eartli  being  considered  as  unity  ; 
whence  her  distance  in  English 
miles  is  about  6S  millions.  She 
performs  her  sidereal  revolution 
in  224  days,  16  hours,  40/ 11"  "2,  and 
her  moan  synodical  revolution  in 
alxMit  584  days. 
Tiie  eccentricity  of  her  orbit  is 


'WOO;  half  the  axis  major  being 
considered  as  aiiity,  which  is  the 
least  eccentricity  of  all  the. planets. 

Her  mean  longitude,  at  tbe  com. 
mencementof  the  present  century, 
was  in  0*  10*  44/  35",  and  the  Ion. 
gitode  of  her  perihelion  was,  at 
the  same  time,  in  4<  8"  37/  0",». 
The  liue  of  her  apsides  has  a  side* 
real  motion,  contrary  to  the  order 
of  the  signs,  of  4/  «7",8  in  a  cen- 
tury. But,  if  referred  to  the  eclip- 
tic, this  motion  will  appear  (ua 
account  of  the  precession  of  ibe 
equinoxes)  to  proceed  according 
to  the  order  of  the  signs  at  die  rate 
of  47",  4  in  a  year,  or  V  19/  2",S  in 
a  century.  Her  orbit  is  incl'med 
to  the  plane  of  the  ecliptic  in  an 
angle  of  3*  'IZJ  3l"J;  (which  angle 
decreases  about  4'' ,6  in  a  century  ;) 
and  at  the  comineiicenient  of  the 
present  century  it  crossed  tlie  ee« 
liptlc  in  i^  14*  S**  33",».  But  the 
tiodes  have  an  apparent  motion  in 
longitude  of  3I",4  in  a  year,  or  SH 
*i0'',2  in  a  century. 

The  rotation  on  her  axis  is  per- 
formed in  23'k  21/  7",2  ;  but  the  in- 
clination ot' her  axis  is  not  known. 

The  diameter  of  Venus  is  77W 
miles:  consequently,  she  is  nearly 
as  large  as  the  eartli ;  and  her 
masSt  compared  with  that  of  the 
sua  considered  as  unity,  is  grAni 
her  density  being  atJJ,  that  of  wa- 
ter being  1. 

Venus  is  surrounded  by  an  atino- 
sphere^  the  refractive  powers  of 
which  di^er  very  little  from  those 
of  our  atmosphere. 

As  viewed  from  the  earth,  this 
is  the  most  brilliant  of  all  the 
planets;  and  may  sometimes  be 
seen  with  the  naked  eye  at  noon 
day.  She  is  known  as  the  morn- 
ing and  evening  star;  and  never 
recedes  far  from  the  sun.  ^ler 
elongation^  or  angular  distance, 
varies  from  45°  to  48'. 

Her  motions  sometimes  appears 
retrograde.  The  mean  arc,  which 
she  describes  in  such  case,  is  about 
16**  12/ ;  and  her  mean  duration  is 
about  42  days.  This  retrogradation 
.commences,  or  (iiiishes,  when  she 
IS  about  28''  48/  distant  from  the 
sun. 

Venus  changes  \\cr  phases ^  like 
the  niuon,  according  to  her   posi« 
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tlon  with  respect  to  the  sun  knA 
the  earth ;  which  causes  a  very 
considerable  difference  in  her 
brilliancy. 

Her  mean  apparent  diameter  is 
37",0;  her  greatest  apparent  dia- 
meter is  about  57"-,3. 

VERNIER,  is  a  scale,  or  a  divi- 
sion,  well  adapted  for  the  gradua- 
tion of  mathematical  instruments, 
so  called  from  its  inventor  Peter 
Yernier,  who  communicated  the 
discovery  to  the  world. 

Vernier's  method  is  derived  from 
the  following  principle.  If  two 
equal  right  lines,  or  circular  arcs, 
A,  B,  are  so  divided,  that  the  num- 
ber of  equal  divisions  in  B  is  one 
less  than  the  number  of  equal  di- 
visions of  A,  then  will  the  excess 
of  one  division  of  B  above  one  di- 
vision of  A  be  compounded  of  the 
ratios  of  one  of  A  to  A,  and  of  one 
of  B  to  B. 

For  let  A  contain  11  parts,  then 

on^  of  A  to  A  is  as  1  to  11,  or  ---, 

Let  B  contain  10  parts,  then  one  of 

B  to  B  is  as  1  to  10,  or  r--.  Now 

10  • 


10 


11 


11—10 


10  X  11  10  X  11 

1 

io"^  11 
Or  if  B  contains  n  parts,  and  A 

contains  n  +  I  parts ;  then  —  is 

n 

'  one  part  of  B,  and  — ;— -    is    one 

n  -^  1 

part  of  A.    And  —  — 


(w  +  i)~n_l 
n 


«-|-  1 
1 


»-f  i 


«  X  7»  +  1 

The  most  commodious  divisions, 
and  their  aliquot  parts,  into  which 
the  degrees  on  the  circular  limb 
of  an  instrument  may  be  supposed 
to  be  divided,  depend  on  the  ra> 
dius  of  that  instrument. 

Let  R  be  the  radios  of  a  circle 
in  inches,  and  a  degree  to  be  di- 
vided   into  n  parts,  each    being 

•^  th  part  of  an  inch. 
V 

Now  the  circumference  of  a  cir- , 
cic,  in  parts  of  its  diameter  2  R 
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inches,  is  3,1415926  X  %R  inches. 

Then  SeO"*  :  3,1415926  X  2  R  :  1* : 

3,1415926       „  _  .      , 
-^— —  X  2  R  mches. 
360 

Or,  0,01745329  X  R  is  the  length 
of  one  de{;i  ee  in  inches. 

Or,  0,01745329  X  R  X  p  is  the 
length  of  1%  in  pXh  parts  of  an 
inch. 

But  as  every  degree  contains  n 
times  such  parts,  therefore  n  = 
0,01745329  X  R  X  p. 

The  most  commodious  percepti- 
ble division  is  —  or  •-  of  an  inch, 
8       10 

VERSED  Sine  of  an  Arc^  in  Tri- 
gonometry,  is  the  part  of  the  diame* 
ter  intercepted  between  the  sine 
and    the  commencement    of   the      \ 

ftt*C 

VERTEX  of  an  Angle,  in  Geome- 
try, is  the  angular  point. 

Vertex  of  a  Figure,  is  the  up- 
permost point. 

Vertex  of  a  Curvet  is  the  ex- 
tremity of  the  axis  or  diameter. 

Vertex  of  a  Glass,  in  Optics, 
the  same  as  its  pole. 

Vertex  is  also  used  in  astrono* 
my  for  the  point  of  the  heavens 
vertically  or  perpendicularly  over 
our  heads,  also  called  the  zenith. 

VERTICAL,  something  relating 
to  the  vertex  or  highest  point.  As, 

Vertical  Angles,  in  Geometry, 
are  such  as  have  their  legs  or 
sides  continuations  of  each  other. 

Vertical  Point,  in  Astronomy, 
is  the  same  with  vertex,  or  zenith. 
— Hence  a  star  is  said  to  be  verti- 
cal, when  it  happens  to  be  in  that 
point  which  is  perpendicularly 
over  any  place. 

Vertical  Circle,  is  a  great  cir- 
cle of  the  sphere,  passing  through 
the  zenith  and  nadir  of  a  place* 
The  vertical  circles  are  also  called 
aziumphs.  The  meridian  of  any 
place  is  a  vertical  circle,  viz,  that 
particular  one  which  passes 
throngh  the  north  or  south  point 
of  the  horizon.  All  the  vertical 
circles  intersect  one-  another  la 
the  zenith  and  nadir. 

The  use  of  the  vertical  circles 
is  to  estimate  or  measure  the  height 
of  the  stars,  &c.  and  their  distan- 
ces from  the  zenith,  which  is 
redeemed  on  these  circles;  and  to 
find  liieir  eastern  and  western  am- 
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plitade,  by  observing  bow  many 
degrees  the  vertical,  in  which  the 
star  ri»eH  or  sets,  is  distant  from 
tlie  meridian. 

PriMte  VitaTiCAL,  is  that  vertical 
circle,  or  azimuth,  which  puvses 
through  the  poles  of  the  meridian  ; 
or  which  is  iierpendicuiar  to  the 
meridian,  and  passes  through  the 
equinoctial  points. 

Vbbtical  of  the  Sun,  is  the  ver- 
tical which  }  us^es  throu(,>h  the 
centre  of  the  sun  at  any  moment 
of  time.  Its  use  in,  in  dialling,  to 
find  the  declination  of  the  plane 
on  which  the  dial  is  to  be  drawn, 
which  is  done  by  observing  how 
many  degrees  that  vertical  is  dis- 
tant from  the  meridian,  after 
marking  the  point  or  line  of  the 
ahadow  upon  the  plane  at  any 
times. 

Vertical  Line,  in  Dialling,  is  a 
line  in  any  plane  perpendicular  to 
the  horizon.  This  is  best  found 
and  drawn  on  an  erect  and  reclin- 
ing plane,  by  steadily  holding  up 
a  string  and  plummet,  and  then 
marking  two  points  of  the  shadow 
of  the  Uiread  on  the  plane,  a  good 
distance  from  one  another,  and 
drawing  a  line  through  these 
marks. 

Vertical  Line,  in  Conies,  is  a 
line  drawn  on  the  vertical  plane, 
and  through  the  vertex  of  the 
cone. 

Vertical  Plane,  in  Conies,  is  a 
plane  passing  through  the  vertex 
of «  cone,  and  parallel  to  any  co- 
nic section. 

VERTICITY,    that    property   of 
the  magnet  or  of  a  needle  touched 
with  it,  by  wliich  it  directs  itt>elf 
to  some  particular  point  as  its  pole. 
VESTA,    one    of  the    four    new 
planets  discovered    since  the  com- 
mencement of  the  preseni  otntuiy. 
Prom  their  regulaiity  olj.servetl  in 
the  distances  of   the    old    piancts 
from    the    sijn,    f^ome    astronomeik 
supposed  that  a  planet  existed  be- 
tween   the    orbiis  of  Jupiter   and 
Mars.      Tlie    discovery    of   Ceres 
confirmed  this   happy  conjecture  ; 
but  tlie  opinion  which    it  sceiiuti 
to    establish    respecting    the    liar 
inony  of  the  solar  system,  appear- 
ed t«»  be  con>plelely  overturned  b\ 
the  discovery  of  Pallas  and  Jun<i. 
Dr.    Olbcr.s,    however,    iinagiued 
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that  these  small  celestial  bodies 
were  merely  the  fragments  of  a 
large  planet,  which  had  been  burst 
asunder  by  some  internal  convul> 
sion,  and  that  several  more  might 
yet  be  discovered  between  tlie  or« 
bits  of  Mars  and  Jupiter.  He 
therefore  coi^cluded,  that  though 
the  orbits  of  all  these  fragments 
might  be  diflTerently  inclined  to 
the  ecliptic,  yet,  as  they  must 
have  all  diverged  from  the  same 
point,  they  ought  to  have  two 
common  points  of  union,  or  two 
nodes  ill  opposite  re):ioiis  of  the 
heavens  through  which  all  the 
planetary  fragments  must  sooner 
or  later  pass.  One  of  these  nodes 
Dr.  Gibers  found  to  be  in  Virgo, 
and  the  other  in  the  Whale,  and 
it  was  actually  in  the  latter  of 
these  regions  that  Mr.  Harding 
discovered  the  planet  Juno.  With 
the  intention,  therefore,  of  detect* 
ing  other  fragments  of  the  sup> 
posed  planet,  JL>r.  Gibers  examined 
thrice  every  year,  ail  the  little 
stars  in  the  opposite  constellations 
of  the  Virgin  and  the  Whale,  till 
his  labours  were  crowned  with 
success  on  the  S9th  March,  18t7, 
by  the  discovery  of  a  new  placet 
in  the  constellation  Virgo,  to  which 
he  giive  the  name  of  Vesta. 

Aa  soon  as  this  discovery  was 
made  known  in  England,  the  planet 
was  observed  at  Black  heath,  on 
the  26lh  Apiil,  1807,  by  S.  Groom- 
bridge,  Esq.  an  ingenious  and  ac- 
tive astronomer,  who  has  success* 
fully  devoted  his  leisure  and  his 
fortune  to  the  advancement  of  as- 
tronomy. He  continued  to  observe 
it  with  his  excellent  asttononiical 
circle,  till  the  20ih  May,  when 
from  its  having  ceased  to  become 
visil;le  on  the  meridian,  he  had 
recourse  to  equatorial  instruments. 
On  the  Uth  August,  Mr.  Groom- 
bridge  resumed  his  meridional  ob- 
seivatiotis,  from  which  he  has  com- 
puted part  of  the  elements  of  its 
orbit;  and  he  had  the  good  fortune 
to  observe  the  ecliptic  opposition 
of  the  planet,  on  tlie  8ih  Septem- 
ber, 180H,  at  7*  30/,  in  longitude  11* 
15^  51/  26".  His  observations  were 
continued  till  the  beginning  of 
November,  1808,  and  he  expected 
to  have  found  ttie  planet  again  at 
lU  opposition   in    February,    luiU ; 
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bnt  from  a  continnance  of  blondy 
weather,  and  probably  from  errors 
in  the  elements,  he  did  not  sac- 
ceed. 

The  planet  Yeftta  is  of  the  fifth 
or  sixth  magnitude,  and  may  be 
seen  in  a  clear  evening  by  the  na. 
ked  ej'e.  Its  light  is  mure  intense, 
pure,  and  white,  than  any  of  the 
other  three;  and  it  is  very  similar 
in  its  appearance  to  the  Georgium 
Sidus.  It  is  not  surrounded  with 
any  nebulosity;  and  even  witii  a 
power  of  636,  Dr.  Uerschel  could 
not  perceive  its  real  due.  The 
orbit  of  Vesta  cuts  the  orbit  of 
Pallas,  but  not  in  the  same  place 
where  it  is  cut  by  that  of  Ceres. 

According  to  the  observations  of 
Schroeter,  the  apparent  diameter 
of  Vesta  is  only  0.488  of  a  second, 
one  half  of  what  he  found  to  be 
the  apparent  diameter  of  the  fourth 
satellite  of  Saturn ;  and  yet  it  is 
very  remarkable  that  its  light  is  so 
intense,  Schroeter  saw  it  several 
times  with  his  naked  eye. 

M.  Burckardt  is  of  opinion,  that 
Le  Monnier  had  observed  this 
planet  as  a  fixed  star,  since  a  small 
star  situated  in  the  same  place, 
and  noticed  by  that  astronomer, 
lias  since  disappeared. 

The  following  are  the  elements 
of  the  orbit  of  Vesta,  computed  by 
Mr.  Groom  bridge,  from  his  own 
observations. 

Revolution  •  •  •  •  3y  66<i   4^ 

Place  of  perihelion  0«    3*    V     0'/ 


Place  of  ascend- 7  9,  ,.o  ogj 
ing  node   •  •  .  3  ^  ** 


0'/ 


Inclination  of  orbit 
Mean  distance  •  • 
Eccentricity  in^ 
parts    of    the> 


7»    8/  W 
2/163 


0.0053 
earth's  radius  ^ 
The  following  elements  are  given 
by  Bnrckardt  in  the  Connoisance 
de  Temps  for  1809,  from  the  most 
recent  observations  on  the  conti- 
nent. 

^«ode^^t*??'*j?}3M3•l/    0'/ 

Place  of  perihelion  8*  0°  42^  53" 
Inclination  of  orbit  7^  8' 46" 
Mean  distance*^-  •  •  8.373000 
Eccentrici^  .  •  .  •         0.093231 

VIBRATION,  in  Mechanics,  the 
regular  reciprocating  motion  of  a 
lM>dy,  as  a  pendulum,  musical 
chord,  &c. 


Vibration  is  also  a  term  nsed 
by  some  authors  to  explain  certain 
natural  phenomena.  Sensation,  for 
instance,  is  supposed  to  be  perform- 
ed by  means  of  the  vibratory  mo- 
tions of  the  contents  of  the  nerves, 
begun  by  external  objects,;,  and 
thence  propagated  to  the  brain. 

This  doctrine  has  been  particu- 
larly illustrated  by  Dr.  Hartly, 
who  has  extended  it  farther  than 
any  other  writer,  in  establishing  a 
theory  of  our  mental  operations. 

The  same  ingenious  author  also 
applies  the  doctrine  of  vibrations 
to  the  explanation  of  muscular  mo- 
tion, which  he  thinks  is  performed 
in  the  same  general  manner  as  sen- 
sation, and  the  perception  of  ideas. 

The  several  sorts  and  raj's  of 
light,  Newton  conceives  to  make 
vibrations  of  divers  magnitudes, 
which,  according  to  those  magni- 
tudes, excite  sensations  of  several 
colours ;  much  after  the  same  man- 
ner of  air,  according  to  their  seve- 
ral magnitude,  excite  sensations  of 
several  sounds. 

Heat,  according  to .  the  same 
author,  is  only  an  accident  of  light 
occasioned  by  the  rays  putting  a 
fine,  subtile,  ethereal  medium, 
which  pervades  all  bodies,  into  a 
vibrative  motion,  which  gives  us 
that  sensation.  ^ 

From  the  vibrations  or  pulses  of 
the  same  medium,  he  accounts  for 
the  alternate  fits  of  easy  reflexion, 
and  easy  transmission  of  the  rays. 

VINCULUM,  in  Algebra,  a  mark 
or  character  either  drawn  over, 
or  including,  or  some  other  way 
accompanying  a  factor,  divisor, 
dividend,  &c.  when  it  is  com- 
pounded of  several  letters,  qnan- 
tiiies,  or  terms,  to  connect  them 
together  as  one  quantity,  and  shoiv 
that  they  are  to  be  multiplied,  or 
divided,  &c.  togetli«r. 

Vieta  first  used  the  bar  or  line 
over  the  quantities,  for  a  vinculum,^ 

thus  a  -^-bi  and  Albert  Qirard  the 

parenthesis   thus    (a  +  b).     Thus 

a-^b  X  c,  or  (a  4-  ft)  X  c,  denotes 
the  product  of  c,  and  the  sum  a  -f-  6 
cnuMdered  as  one  quantity.    Also 

y/  a-^bf  or  x/  (a  -f  6),  denotes  the 
square  rod  of  the  sum  « -^  6.  Some- 
^ni^a  the  mark  :  is  set  before  a 
coinpound  factor,  as  a  vinculum. 
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•itpecially  when  it  is  very  long,  or 
an  infinite  series ;  thus  3  a  X  1  —  2x 
4-  3  0^'  —  4x»  +  «r*,  &c.  though  the 
more  usual  method  adopted  by 
modern  algebraists  is  to  include 
the  expression,  when  long,  in  a 
jMirenihesis;  thus 
3a(l  — «jr4- aa-*  — 44:«+5xS,&c.) 
or  it'  it  should  happen,  as  it  fre- 
quently may,  that  the  quantity 
within  the  parenthesis  consist  itself 
uf  other  parenthesis,  then  the  out- 
ward one  It  made  larger,  or  thus, 

<  >   in  order  to   distin- 

giiibh  the  whole  factor  from  any 
of  its  parts  ;  thus 

3a  I  I-f-ar  (a+6)— *r8(a-r*H-  &c.  [ 

ViS,  a  Latin  word,  signifying 
force  or  power;  adopted  by  writers 
on  physics,  to  express  divers  kinds 
of  natural  powers  or  faculties. 

The  term  vis  is  either  active  or 
passive  :  the  vis  activa  is  tlie  power 
of  producing  motion  ;  the  vis  fas- 
siva  is  that  of  receiving  or  losing 
it.  The  vis  activa  is  again  subdi- 
vided  into  vis  viva  and  vis  tnoriua. 

Vis  Absolutttf  or  AhsoluU  Force, 
is  that  kind  of  centripetal  force 
which  is  measured  by  the  motion 
that  would  be  generated  by  it  in 
a  given  body,  at  a  given  distance, 
and  depends  on  the  efficacy  of  the 
cause  producing  it. 

Vis  Acccleratrix,  or  Accelerating 
Force,  is  that  centripetal  f(»rce 
which  produces  an  accelerated 
iiiotiuu,  and  i9  proportional  to  the 
velocity  which  it  gt-nerates  in  a 
given  time  ;  or  it  is  as  the  motive 
or  absolute  force  directly,  and  as 
the  quantity  of  matter  moved  in- 
versely. 

Vis  Jmpressa,  is  defined  by  New- 
ton  to  be  the  action  exercised  on 
any  body  to  change  its  state,  either 
oif  rest,  or  moving  uniformly  in  a 
right  line. 

This  force  consists  altogether  in 
the  action ;  and  has  no  place  in 
the  body  after  the  action  is  ceased : 
for  the  body  perseveres  in  every 
new  state  by  the  vis  inertias  alone. 

This  vis  inipressa  may  arise  from 
various  causes ;  as  from  percussion, 
pression,  and  centripetal  force. 

Vis  JnirtiiB,  or  Power  of  Inacti- 
vitpt  is  defined  by  Newton  to  be  a 
power  implanted  in  all  matter,  by 
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which  it  resists  any  change  endea- 
voured to  be  made  in  its  state, 
that  is,  by  which  it  becomes  diffi* 
cult  to  alter  its  state,  either  of  rest 
or  motion. 

Vis  Motrix,  or  Moving  Force  of  a 
centiipelal  body,  is  the  tendency 
of  the  whole  body  towards  the 
centre,  resulting  from  the  tendency 
of  all  the  parts,  and  is  proportioniU 
to  the  motion  which  it  generates 
in  a  given  time  ;  su  inat  the  vis 
motrix  is  to  the  vis  acceleratrix  as 
the  motion  is  to  the  celerity  ;  and 
as  the  quantity  of  motion  in  a  body 
is  estimated  by  the  product  of  the 
velocity  into  the  quantity  of  mat* 
ter,  so  the  vis  motrix,  front  the  vis 
acceleratrix,  multiplied  into  the 
quantity  of  matter. 

The  followers  of  Leibnitz  use 
the  term  vis  motrix  for  the  force 
of  a  body  in  motion  in  the  same 
sense  as  the  Newtonians  use  vis 
inertia: ;  this  latter  they  allow  to 
be  inherent  in  a  body  at  rest,  bat 
the  former  of  vis  motrix  a  force 
inherent  in  the  same  body  only 
while  in  motion,  which  actually 
carries  it  from  place  to  place,  by 
acting  upon  it  always  with  the 
same  i/itetisity  in  every  phyiical 
part  of  ihe  line  which  it  describes. 

Vis  Motua,  or  Dead  Force,  a 
term  used  by  Leibnitz  to  denote 
the  power  of  pressure  in  a  body  at 
rest;  whereas 

Vis  Viva,  or  Living  Force,  is 
used  by  the  same  author  to  denote 
the  force  or  power  of  a  body  in 
motion. 

VISIBLE,  any  thing  that  is  an 
object  of  sight  or  vision,  or  any 
thing  whereby  the  eye  is  atfected, 
so  as  to  produce  the  sensation  of 
sight. 

VISION,  the  perception  of  ex- 
ternal objects  as  conveyed  to  the 
brain  by  means  of  the  organs  of 
sight. 

Take  an  ox's  eye  while  it  is  fresh, 
tind  having  cut  oflf  the  three  coats 
from  the  back  part,  quite  to  liie 
vitreous  humour,  put  a  piece  of 
white  paper  over  that  part  and 
hold  the  eye  towards  any  bright 
object,  and  you  will  see  an  invert- 
ed image  of  the  object  upon  the 
paper. 

By  what  change  in  the  confor> 
lualion  of  the  eye,  we  are  enabled 
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to  see  objects  distinctly  at  different 
distances,  is  not  fuliy  ascertained  ; 
but  tiie  effect  itself  is  snflicientiy 
manifest,  although  authors  differ 
as  to  the  manner  in  which  it  is 
produced.  It  is  supposed  by  some, 
that  the  general  figure  ot  the  eye 
is  altered ;  that  when  tlie  object  to 
be  viewed  is  near,  the  length  of 
the  eye  measured  along  the  axis, 
is  increast^d  by  the  lateral  pressure 
of  external  muscles;  and  on  the 
contrary,  when  the  object  is  re- 
mote, that  the  length  of  the  eye 
is  diminished,  by  the  relaxation  of 
that  pressure.  Others  suppose  the 
effect  to  be  produced  by  a  change 
in  the  place,  or  figure  of  the  crys- 
talline humour;  some  by  an  alte- 
ration in  the  diameter  of  the  pupil ; 
while  others  ascribe  the  effect  lo  a 
change  in  the  curvature  of  the 
cornea. 

When  the  distance  of  an  object 
is  diminished,  supposing  no  altera* 
ticm  to  take  place  in  the  eye,  the 
divergency  of  the  extreme  rays  of 
the  |)encil  incident  upon  the  pupil, 
is  increased  ;  and  therefore,  if  the 
image  of  the  object  in  the  iirsi 
/situation  be  formed  upon  the  re- 
tina, in  the  latter  it  will  be  funned 
behind  it;  but  an  increase  in  the 
curvature  of  the  cornea  will  in- 
crease the  convergency  of  the  re- 
tracted rays,  or  bring  them  sooner 
to  a  focus;  and  thus,  by  a  juoper 
change  in  this  coat  of  the  eye,  the 
rays  will  again  be  brought  to  a  fo- 
cus upon  the  retina,  and  the  object 
be  still  seen  distinctly.  The  least 
distance  at  which  objects  can  be 
Men  distinctly  by  common  eyes, 
is  about  seven  or  ei<>ht  inches.  The 
greater  distance  cannot  be  so  easily' 
or  accurately  ascertained.  It  seems 
that  the  generality  of  eyes  are  ca- 
pable of  collecting  parallel  rays 
upon  the  retina,  or  so  near  to  ii, 
as  to  produce  distinct  vision ;  and 
thus,  the  greatest  distance  at  which 
objects  can  be  distinctly  viewed, 
is  unlimited.  For  this  reason,  in 
adopting  optical  instruments  to 
common  eyes,  and  calculating  their 
powers,  we  suppose  the  parts  to  be 
M)  arranged,  that  the  rays  in  each 
pencil  may,  when  they  fall  upon 
the  cornea,  be  parallel. 

If  the  humours  of  the  eye   be 
too    convex,    iNunallel  rays,  and 
Ml 


such  pencils  as  diverge  from  points 
at  any  considerable  distai.ce,  are 
collected  before  they  reach  the 
retina ;  and  objects  to  be  seen  dis- 
tinctly, must  be  brought  nearer  to 
the  eye*.  This  inconvenience  may 
be  remedied  by  a  concave  glass* 
whose  local  length  is  so  adjusted 
as  to  give  the  rays,  proceeding 
from  a  distant  object,  such  a  degree 
of  divergency  as  the  eye  requires. 

Direct  or  Simple  Vision,  is  that 
which  is  performed  by  direct  rays 
or  by  rays  pa.«sing  directly  from 
the  object  to  the  eye. 

Reflected  Vision,  is  that  which 
is    performed    by    reflected    rays, 
that  is,  by  means  of  rays  reflected, 
from  mirrors  or  specula.  See  Mir- 
ror andUBFLBCTION. 

Refracted  Vision,  is  that  which 
is' performed  by  means  of  refracted 
rays ;  or  rays  turned  out  of  their 
direct  course,  by  passing  through 
glass,  or  some  other  medium. 

VISUAL,  I  elating  to  sight  or  see- 
ing, as  visual  angle,  visual  rays,  &c. 

Visual  Angle  is  the  angle  under 
which  an  object  is  seen,  or  which 
It  subtends  at  the  eye. 

Visual  Rctys^  are  rays  of  light 
conceived  to  come  from  an  object 
to  the  eye,  and  by  which  it  be- 
comes visible. 

ULT1MA1E  Ratios.  Let  there 
be  two  quantities,  one  flxed  and 
the  other  varying,  so  related  to 
each  other,  that  flrst  the  varying 
quantity  continually  approaches  to 
the  lixed  quantity.  Secondly,  that 
the  varying  quantity  does  never 
reacli  or  pass  beyond  that  which 
is  fixed.  Thiraly,  that  the  varying 
quantity  approaches  nearer  to  the 
tixed^  quantity  than  by  any  assign- 
ed  diflerence,  then  is  such  a  fixed 
quantity  called  the  limit  of  the  va- 
rying quantity ;  or  in  |i  looser  way  of 
speaking,  the  varying  quantity  may 
be  said  to  be  ultimately  equal  to 
the  fixed  quantity.  These  three  pro- 
perties may  be  otherwise  expre»s- 
ed  more  distinctly,  thus:  First,  the 
difference  between  the  varying 
quantity,  and  the  fixed  quantity^ 
must  continually  decrease.  Se- 
condly, this  difference  must  never 
become  either  nothing  or  negative. 
Thirdly,  thi^  difference  must  be- 
come less  in  respect  to  the  fixed 
quantity  thaft  by  any  assigned  ra* 
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called  Uranus,  and  ^  freqnsntl}* 
the  Herschel.  This  jnevr  planei, 
"which  is  supposed  to  have  been 
formei'ly  observed  m  a  small  star 
by  Flanistead,  Mayer,  and  Le 
Monnier,  and  introduced  into  their 
catalogues  of  the  fixed  stars,  is 
situated  beyond  the  orbit  of  Sa- 
turn,  at  the  distance  of  1800  mil- 
lion miles  from  the  centre  of  the 
solar  system,  and  performs  its  si- 
dereal revolution  about  the  sun  in 
83  years,  150  days,  and  18  hours. 
Its  diameter  is  about  4i  times 
larger  than  that  of  the  earth,  being 
nearly  35112  English  miles.  When, 
seen  from  the  earth  its  apparent 
diameter,  or  tlie  angle  it  subtends 
at  the  eye,  is  3"  32"/,  and  its  mean 
diameter,  as  seen  from  the  sun,  is 
4".  As  the  distance  of  this  planet 
from  the  sun  is  double  that  of  Sa- 
turn, it  can  scarcely  be  perceived 
vriih  the  naked  eye ;  when,  how- 
ever, ilie  sky  is  serene,  it  appears 
like  a  fixed  stiir  of  the  sixth  mag- 
iiiiude  with  a  bluish  white  light, 
and  a  brilliancy  between  that  of 
Venus  and  the  moon,  but  with  a 
power  of  200  or  300  its  disc  is  visi- 
ble and  well  defined. 

Uranus  is  attended  by  six  satel- 
lites, all  of  which  were  discovered 


by  Dr.  Herschel.  The  first  is  25'/'5 
distant  from  its  primary,  and  re- 
volves round  it  in  5<<  2|a  251.  The 
second  satellite  is  33"'9  distant 
from  the  planet,  and  performs  its 
revolution  in  8(f  l?'^  1/  10'^  The 
disUnce  of  the  third  satellite  is 
38"  57,  and  its  periodic  time  10<< 
23^<  4/.  The  distance  of  the  fourth 
satellite  is  44"  22,  and  the  time  of 
its  periodic  revolution  13<i  11*  ft' 
1"  5.  The  distance  of  the  fifth  sa- 
tellite is  l/28"-44,  and  its  revolu- 
tion is  completed  in  38<'  1^  40'.  The 
sixth  satellite  is  placed  at  the  dis- 
tance of  21  56"*38,  from  the  pri- 
mary, and  will,  therefore,  require 
lOr''  16^  40f  to  complete  one  revo- 
lution. 

The  second  and  fourth  of  these 
satellites  were  discovered  by  Dr. 
Heischel,  on  the  11th  of  January, 
1787;  and  the  other  four  in  the 
years  1790  and  1794;  but  their  dis- 
tances and  periodic  times  have 
not  been  so  accurately  ascertained 
as  the  other  two.  It  is  a  remark- 
able circumstance  with  regard  to 
these  satellites,  that  they  all  move 
in  a  retrograde  order,  and  in  or- 
bits all  lying  in  the  same  plane, 
and  almost  perpendicular  to  the 
ecliptic. 
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WAGGONER,  a  popular  name  , 
given  to  the  Great  Bear.  J 

W  ATER,  a  transparent  fiuid,  with 
out  colour,  smell,  or  taste,  in  a  very 
slight  degree  compressible,  when 
pure,  not  liable  to  spontaneous 
change ;  liquid  in  the  common  tem- 
perature of  our  atmosphere,  assum- 
ing a  solid  lorm  at  32<*  Fahrenheit, 
and  a  gaseous  at  212°,  but  returning 
unaltered  to  its  liquid  state  on  re- 
saming;,any  degree  of  heal  between 
these  points ;  it  is  capable  of  dis- 
solving a  greater  number  of  natural 
bodies  than  any  other  fluid  what- 
ever, and  especially  those  known 
by  the  name  of  the  saline ;  per- 
forming the  most  important  func- 
tions in  the  vegetable  and  animal 
kingdoms,  and  entering  largely 
into  their  composition .  as  a  con- 
stituent  part. 

AVaier  thus  exists  in  three  difl'er> 
cnt  states,   in  the  solid  state,  or 
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state  of  ice,  in  the  liquid,  and  in 
the  stale  of  vapour  or  steam.    It 
assumes  the  solid  form,  as  was  said, 
when  cooled  down  to  the  tempe- 
rature of  32°,  in  which  state  it  in- 
creases in  bulk,  and  exerts  a  pro- 
digious expansive  force,  owing  to 
the  new  arrangement  of  its  parti- 
cles, which  assume  a  crystalline 
form,  the   crystals  crossing  each 
other  at  an  angle  of  60°  or  120. 
The  specific  gravity  of  ice  is  thus 
less  tn<tu    that   of  water.     When 
ice  is  exposed  to  a  temperature 
above  32°,  it  is  converted   into  a 
liquid  state,  or  that  of  water.    At 
the  temperature  of  42°*5  water  is 
at  its  maximum  of  density;  and 
according  to  some  accurate  expe- 
riments upon  water  in  this  state,  a 
French  cubic  foot  of  it  weighs  70 
pounds  223  grains  French,  which 
is  equal  to  5^9452*9492  troy  grains. 
An  English  cubic  foot,  &v  vhe  same 
3  A 
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temperature,  weiehs  4371O2'4M0 
eraiiit  truy.  By  professor  Rubin- 
siHi'b  rxperimeiiis  it  is  ascertained 
chat  a  cubic  loot  of  water,  at  the 
temperature  of  55%  weighs  098*74 
•voirdu|KJis  ouncfs,  of 437*5  grains 
troy  each,  or  about  1^  ounce  less 
tiian  1000  ounces  avoirdupois, 
which  latter,  however,  is  the  Qsoal 
estimate. 

When  water  h  exposed  to  the 
tem|ierature  of  213",  it*  boils;  and 
if  tins  teniperatuie  be  continued, 
the  wliole  is  converted  into  elastic 
vapour  or  steam.  In  tliis  htate  it 
expands  to  about  1800  times  its 
bulk,  when  in  the  Mate  of  water, 
^hich  shows  what  an  astonishing 
ex|iansive  force  it  must  exert  wlien 
it  is  confined  ;  and  hence  its  appli- 
cation to  the  sie.>m  engine,  of 
which  it  is  the  moving  )x>\ver. 

V/ATEH-MUl,  an  engine  which  is 
put  In  nioiion  by  the  actitni  of  water, 
of  whicti  there  are  four  kinds  :over- 
sholpinills,  bieasi-niills,  undershot- 
mills,  and  miiis  with  horizontal 
wheels ;  of  which,  however,  the 
latter  kind  is  by  fur  the  least  com- 
mon, being  very  disadvantageous 
and  deficient  in  |)oint(if  utility.  In 
abreast-niiil,  the  water  lalls  down 
upon  the  wheel  at  right-aui;les  to 
tlie  float-boards  or  buckets  placed 
all  round  the  wheel  to  receive  it: 
if  float-boards  are  used,  the  water 
acts  only  by  its  iinputse ;  but  if 
buckets,  It  acts  also  by  the  weight 
of  water  in  the  buckets  in  tiie  un- 
der quadrant  of  the  wheel,  and 
this  is  consideiable.  In  the  un- 
dershot Wlieel  float-boards  only 
are  used,  and  the  wtieel  is  turnecl 
merely  by  the  force  of  the  cur- 
rent running  under  it,  and  striking 
upon  the  boards.  In  the  overshot 
wheel  tlic  water  is  poured  over 
the  top,  and  thus  acts  principally, 
though  not  altogether,  by  its 
weight,  fur  the  fall  u]M)n  the  upper 
part  cannot  be  very  considerable, 
lest  it  should  dash  the  water  out 
of  the  buckets.  Hence  it  is  evi- 
dent that  an  undershot  wheel  mutt 
require  a  much  larger  supply  of 
water  than  the  other ;  the  breast 
mill  requires  the  next,  unless  ihe 
fall  is  very  great ;  and  an  ovcr- 
shotmili  requires  the  least. 

U  was    l(»ng   believed    that   the 
fioat-boards  of  an  overshot  wheel 
55i 


ouglkt  to  be  so  proportioned  that 
when  one  of  them  was  in  a  verti* 
cal  position,  or  at  the  middle  of  its 
immersion,  the  next  board  should 
be  just  entering  tlie  water;  but  it 
is  now  well  kpown  that  the  more 
float*board8  such  a  wheel  hm%  the 
greater  and  more  anilorm  will  be 
its  effects.  According  to  the  ex- 
periments  made  by  M.  BiMwut  on 
this  subject,  a  wheel  famished 
with  48  t1oa^boards  produced  a 
much  greater  effect  than  one  fai^ 
nished  with  t4;  and  the  latter  * 
greater  effect  than  one  with  IS, 
their  immersiou  in  the  wuier  be- 
ing equal. 

If  a  stieam  of  water  impingcon 
the  float-boards  of  an  undeishot 
wheel,  and  escape  from  it  the 
very  instant  after  it  has  made  its 
impact,  the  quantity  of  water 
which  actually  impinges  agaiii5t 
the  wheel,  will  be  to  the  whole 
quantity  which  passes  by  it  in  a 
given  tune,  as  the  difference  be> 
tween  tlie  velocities  of  ttie  water 
and  of  the  wheel  to  the  absolute 
velocity  of  the  water. 

The  force  of  the  impinging  water 
is  as  the  square  of  the  difference 
between  the  velocities  of  the  wheel 
ajid  the  water.  For  the  force  is 
as  the  relative  velocity  into  the 

Siantity  of  impinging  matter,  and 
e  latter  is  manifestly  as  the  re 
lalive  velocity  ;  therefore  the  force 
will  be  as  the  square  of  the  rela- 
tive velocity. 

if  W  be  a  weight  fastened  to  a 
line  which  is  wound  round  the 
Iturizontal  axis  of  an  undershot 
water-wheel.  A  the  altitude  of  a 
column  of  water,  equal  to  the 
force  of  the  impact  of  the  water 
on  the  wheel,  when  the  wheel  is 
quiescent;  V  the  velocity  with 
which  the  water  impinges  on  the 
float-boards,  v  the  veUtcity  of  the 
circumference  of  the  wheel,  R,  tiie 
radius  of  the  wheel,  and  r  the  ra- 
dius of  the  axle  :  then  will  the 
velocity  of  the  wheel  be  v  =  V Y 

^   AR' 

For  the  relative  velocity  with 
which  the  water  strikes  the  wheel 
is  V— i;;  whence,  because  the 
force  of  the  stroke  is  as  the  square 
of  the  relative  velocity,   we  nave 
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y^.  Bat  Uu  ucelenUon  c 
the  nhnl  will  ceaH  whin  th 
force  ot  the  water  to   tnni    ih 

vclEbt  tfhicli  oppoflCft  II  i  that  b, 

In  III*  preceding  valae  of  ■,  iher 
reiDluisV-Tt/-^)  tor  lb 
velo«ltf  o(  tlie  wheel  vheu  il 
Thig  coDclmlon,  it  ihould  b 

If  the  wetahl  W  vary,  iu  inp. 


^  ■"'-■-  which,  loppmliie  R  t. 


in  ■  railaeompamidedcf  the  lore* 
i>r  imiMci,  Biid  tlie  velocity  of  Iha 
hlreanTi  but  il>e  force  of  the  iu. 
pact  It  u  Ihc  oBanlLty  or  walei 
expended  and  velocity  mnjolnilv  [ 


«',  "  e^'effeel  will 


Q  {IM  quHLtity  or  waler)  into  V'l 
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If  all  the  water  which  paaiea  by 
in  andershol  wheel  be  Anppoted 

lie  >treuni  will    be  aimply  in   th* 

i-[ly.    Because  the  nanber  of  par. 
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locity  of  tin  whiel  will  be  balf 
thfl  velocity  <if  lh«  Mrcftin,  vhen 
the  effect  ua  majiliiiuin.    Pur,  by 


8UI1  relainingltaeMme  hTPHthe 


Cmatqoeiitly  — -i  X  ■j—  =  1 A  V, 
Ibe  momfnluni. 
In  practice,  the  Tel.wity  of  the 
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in »ny direction;  Indeed. ireneimll* 
(peakinE,  (he  boiling  or  Hying  ■* 
of  the  vater  hu  Iha  prlonw,  thii 
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WEATHBR,  the  ilnle  of  the  it. 

Mr.  K.i«i>ii,  in  *al.  v.  of  the 

Truiiuciiiini  or  llic  Iriih  Aoudcmy, 
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elinnfcal  p«w«T%or  simple  engine*, 
l>«*init  a  peoiiirtricai  wcdse,  or 
vf>y  ociiic  tiihiifcular  priiim,  A|>- 
plietl  to  till*  »|)liiti  g  of  wood, 
rocks,  or  ruiKin;*  pi  cat  weights. 

The  wedge  ia  itie  most  powerful 
of  all  the  simple  niachineft,  having 
nil  almost  unlimiteil  udvantape 
over  ail  the  other  simple  mechani> 
cul  powerH  ;  U>th  as  it  may  be  made 
vaKily  thill,  in  pro|M)ition  to  its 
height,  ill  which  consists  its  own 
natural  power ;  und  ns  it  is  urged  by 
the  I'oice  of  percussion,  or  smart 
blows,  which  is  a  force  incompara- 
bly greater  in  a  given  time  thau 
any  mere  dead  weight  or  pressure, 
such  as  is  employed  upon  oilier 
machines.  And  accordingly  we 
And  it  prnd.  ccs  ett'ecls  vastly  su« 
perior  to  those  of  any  other  power 
whatever ;  such  as  the  splitting  and 
raiHing  the  largest  and  hardest 
rocks ;  or  even  the  raising  and 
lilting  the  largest  ship,  by  driving 
a  wedge  below  it ;  which  a  man 
(UUfi  do  by  the  blow  of  a  mallet. 

To  the  wedge  may  be  referred  all 
edge-tools,  and  tools  that  have  a 
sharp  point,  in  order  to  cut,  cleave, 
slit,  split,  chop,  pierce,  bore,  or 
the  lilie ;  as  knives,  hatchets, 
swords,  bodkins,  &c. 

In  the  wedge,  the  friction  against 
the  sides  is  very  great,  at  least 
equal  to  the  force  to  be  overcome ; 
because  the  wedge  retains  any  po- 
sition to  which  it  is  driven ;  and 
therefore  the  resistance  is  at  least 
doubled  by  the  friction. 

Authors  have  been  of  various 
opinions  concerning  the  principle 
from  whence  the  wedge  derives 
its  power.  Aristotle  considers  it 
as  two  levers  of  the  fust  kind,  in- 
clined towards  each  other,  and 
acting  opposite  ways.  Guido  Ubal- 
di,  Mersenne,  &c.  will  have  them 
to  be  levers  of  the  second  kind. 
But  De  Lanis  shows,  that  the 
wedge  cannot  be  reduced  to  any 
lever  at  all.  Others  refer  the 
wedge  to  the  inclined  plane.    And 
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If  a  power  directly  applied  to 
the  head  of  a  wedge,  be  to  the  re- 
sistance to  be  overcome,  as  the 
breadth  of  the  back  is  to  the 
height;  then  the  power  will  be 
equal  to  the  resistance ;  and  if  ia- 
creased,  it  will  overcome  it." 

But  Desagnliers  has  proved  that, 
when  the  resistance  acts  perpen. 
dicularly  against  the  sides  of  the 
wedge,  the  power  is  to  the  whole 
resistance,  as  the  thickness  of  the 
back  is  to  the  length  of  both  the 
sides  taken  together. 

WEIGHT,  in  Physics,  a  conse 

auence  of  gravity,  being  that  ten 
ency  in  natural  bodies  downward! 
or  towards  the  earth's  centre. 

WEIGHT,  in  Mechanics,  denote> 
any  thing  to  be  raised,  snslained, 
or  moved  by  a  machine,  as  distin 
guished  from  the  power,  or  thai 
by  which  the  machine  is  pot  it 
motion. 

Wbiobt,  in  Commerce,  denote.' 
a  body  of  a  known  weight,  apimiiitr 
ed  by  law  to  be  the  standard  of  com 
parison  between  different  quanti- 
ties of  merchandise  of  certain  de- 
scriptions; the  weight  itself  being 
usually  of  lead,  iron,  brats,  or 
other  metal. 

The  great  diversity  of   weighu 
and  measures,  in  all   nations,  for 
different  kinds  of  comnuMiiiies,  has 
always  been  a  just  subject  of  re- 
gret and    complaint ;    being    tiie 
cause  of  various  disputes  and  de- 
ceptions, which  it  is  almost  lni|Mi>. 
.sible  to  avoid  under  present  cir- 
cumstances.   And   it    is  tiierefoie 
much  to  be  wished,  though,  per- 
haps, little  to  be   expected,  that 
one    uniform   system    of    weights 
should  be  adopted  as  applicable  to 
all  kinds  of  substances  ;  an  attempt 
at  which  was  made  in  France  dur- 
ing the   revolution,    but  whicii  it 
seems  has  been  lately  laid  aside 
by  an  imperial    decree,  in  conse- 
quence  of  the  repeated  represents, 
tions  of  people  in  trade ;    so  diffi- 
cult is  it  to  overcome  prejudices 


others  again,  with  De  Stair,  will  and  customs  long  established  Irowr. 
hardly  allo\7  the  wedge  to  have  ever  advantageous  the  change  may 
-....  e _.i  :_  :._-w. :i.:_      j,g^  ^^j^eu  properly  understood. 

By  the  twenty-seventh  chapter 
of  Mat;na  Charta,  the  weights  all 
over  England  are  to  be  the  Kanic; 
butfordifferentcommoditics.theie 
are  two  different  surts,   viz.  troy 


any  force  at  all  in  itself;  ascribing 
much  the  greatest  part  to  the 
mallet  whicli  drives  it. 

The  doctrine  of  the  force  of  the 
wedge,  according  to  some  writers, 
is   cont8.incd    in  this   proposition  : 
Si6 
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weight  Mid  avolrdnpois  w«ight. 
Ibe  origin  from  wliich  they  are 
both  raised,  is  a  grain  of  wheal 
gailiered  in  the  middle  of  ihe  ear. 

In  Uoy-weigi»t,  iwenty-four  of 
these  grains  make  one  penny- 
weight sterling;  twenty  penny- 
weights make  one  ounce;  and 
twelve  ounces  one  pound. 

By  this  weight  we  weigh  gold, 
silver,  jewels,  and  liquors.  The 
apothecaries  also  use  the  troy 
ponnd,  ounce,  and  grain ;  but  they 
differ  from  the  rest  in  the  inter- 
mediate  Mivisions.^  They  divide 
the  ounce  into  eight  drachms;  the 
drachm  into  three  scruples,  and 
the  scruple  into  twenty  grnins. 

In  aveiirdupois  weight  the  pound 
contains  sixteen  <iunces,  but  the 
ounce  is  less  by  near  one-twelfth 
than  the  troy  ounce;  this  latter 
rontaining  490  grains,  and  the 
former  only  448.  The  ounce  con- 
tains 16  draclims;  80  ounces  avoir- 
dupois are  onty  equal  to  73 ounces 
troy ;  and  17  ponndn  troy  equal  to 
14  pounds  avuirdupois. 

By  avoirdupois  weight  are  weigh- 
ed meat,  grocery  wares,  base  metals, 
wool,  uillow,  hemp,  drugs,  bread, 
&c. 

Table  of  Troy  Weight,  as  tued  by 
the  Goldsmitlis. 

Grains. 


•24  I  Pennyweight. 


480  I    20  I  Onnce. 

Pound, 


5760  I  '^-lO 


Apotheccnries, 
Ornins. 

20  [  Scrapie. 


CO  I      3  I  Drachm. 


480  I    2+1    8  I  Ounce. 


3760  I  '2»H  I  96  \  12  1  Pound. 


Table  of  Avoir dvfois  Weight. 


Eram. 


la  I  Ounce. 
<^56  I        Te]  Pound. 


7 1 1-8J 448  I      28  |  Qnartc  r . 

2K6^i  I     1702  I    112  I    4  I  Cwt. 


A73440  I  :{!iS40  |  ^40  |  60  j  20  |  Ton. 
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Comparison  between  Troy  and 
Avoirdupois  Weight. 

175  troy  pounds  are  equal  to  144 

avoirdapois  pounds. 
175  troy  ounces  are  equal  to  193 
avoirdupois  ounces. 
1  troy  pound  containH57Q0  grains. 
1  avoirdapois     pound    contains 

7000  grains. 
1  avoirdupoisouncecontaias437^ 

grains. 
1  avoirdupois     dram     contains 

S7.84375  grains. 
1  troy    pound    contains    13   oz. 
2.6dl42857tf  drs.  avoirdupois. 
1  avoirdupois  lb.    contains  1  lb. 

S  oz.  11  dwts.  16  gr.  troy. 
Therefore  the  avoirdupois  lb.  is 
to  the  lb.  troy  as  175  to  144,  and 
the  avoirdupois  oz.  is  to  the  troy 
oz.  as  437i  is  to  480. 

Goldsmiths  and  jewellers,  &c. 
have  a  particular  class  of  weights 
for  gold  and  prer;ious  stones,  viz, 
carat  and  grain ;  and  lor  silver, 
the  pennyweight  and  grain.  In 
the  mint  they  have  also  a  {feculiar 
subdivision  of  the  troy  grain  :  thus, 
dividing 

the  grain  into  20  mites, 
the  mile  inlo  24  droits, 
the  droit  into  20  peric»t«, 
the  periot  into  24  blanks. 
The  dealers  in  wool  have  like- 
wise a  particular  set  of  weights, 
tHx.  the  sack,  weigh,  tod,  stone, 
and    clove;    the    proiM>rtiuns    of 
which  are  as  below  ;^  viz. 
the  sack  containing  2    weighs, 

the  weigh 6^  i<>Hs, 

the  tod 2   stones. 

the  stone ^2    cloves, 

the  clove 7   pounds. 

Also  12  sacks  make  a  hist,  or  4308 
pounds. 
Farther, 
56lb.  of  old  hay,  or  60  lb.  new 

hav,  make  a  trass. 
40  lb.  of  straw   make  a  truss. 
36  trusses  make  a  load  of  hcty  or 

straw. 
14  lb.  make  a  stone. 
"5  lb.  of  glass  a  stone. 
Other  nations  have  also  certain 
weights   peculiar   to   themselves: 
thus,  Spain  has  its  ariobas,  con- 
taining 25  Spanish  pounds,  or  one- 
fourth  of  the  common  quintal :  its 
quintal     macho,    containing     150 
)it>unds,  or  one-half  of  the  common 
quintal,  or  C  arrobas;  its  adarme. 
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their  nnit  or  stantlnrd  of  weight. 

Thi9,  however,  is  only  one  of  many 
cliflr<:ient  standards  that  have  been 
at  different  times  pro|iosed  for  this 
purpose ;  nor  is  it,  ^e  conceive, 
the  best  tiiat  might  have  been 
adopted,  being  subject  to  this  im- 
portant objection  ;  that  it  depends 
upon  an  accurate  measure  of  a 
quarter  of  a  meridian  of  the  earth, 
whicli  is  obviously  a  very  difficult, 
not  to  iay  an  impossible,  task  to 
perform,  particularly  as  there  is 
every  reason  to  suppose  that  meri- 
dians differ  essentially  amongst 
themselves.  What  therefore  has 
been  said  in  approbation  of  this 
system  in  tlie  preceding  article, 
must  be  understood  as  only  apply- 
ing to  the  division  according  to 
the  decimal  scale,  and  not  to  the 
standard  itself. 

Amongst  the  various  projects  for 
a  universal  measure  (on  which 
that  of  weight  obviously  depends), 
there  are  indeed  but  few  that  de- 
serve any  particular  notice,  except 
those  that  are  founded  oir  experi- 
ments with  pendulous  bodies,  iii 
some  assumed  position  on  the  sur- 
lace  of  the  earth,  or  on  the  men- 
snration  of  some  of  the  lines  or 
circles  measured  on  its  sarface 
after  the  manner  adopted  by  the 
French,  and  which  has  been  al- 
ready explained.  We  have  there- 
fore, in  this  place,  only  to  attend 
to  those  depending  on  the  former 
principle,  and  of  these  we  shall 
only  mention  one  or  two  of  the 
most  plausible. 

Huygens,  in  his  "  Horologium 
Oscillatorium,"  was,  as  far  as  we 
can  ascertain,  the  first  who  pro- 
posed the  distance  from  the  point 
of  suspension  to  the  centre  of  oscil- 
lation, of  a  pendulum  vibrating 
seconds,  as  the  length  of  a  univer- 
sal standard  j'ard,  the  third  part 
of  which  was  to  be  denominated 
a  horary  foot,  to  which  all  mea- 
sures were  to  be  referred.  Tiiis 
standard  is  liable  to  two  objec- 
tions; for,  1st,  it  is  not  invariable, 
the  length  of  a  second's  pendulum, 
like  the  space  descended  in  the 
first  second  from  quiiscence,  hv 
ing  different  at  different  distances 
from  the  equator.  And  2dly,  the 
difficulty  of  exactly  measnring  the 
distance  from  the  point  of  susueu- 
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sion  to  the  centre  of  oscillation  is 
suchy  that  it  is  probable  no  two 
measures  would  come  to  the  saifoe 
result. 

Several  expedients  were  propos- 
ed after  this  of  M.  Huygens,  but 
none  that  deserved  any  attention, 
until  the  year  1770,  when  a  Mr. 
Hatton,  in  consequence  of  a  pre- 
mium offered  by  a  society  of  Arts 
and  Manufactures,  "  for  obtaining 
invariable  standards  for  weights 
and  measures  communicable  at  all 
times  and  to  all  nations,"'  proposed 
a  plan  which  consisted  in  the  ap- 
plication  of  a  moveable  point  of 
suspension  tp  one  and  the  same 
pendulum,  in  order  to  produce  the 
full  and  absolute  effect  of  two  pen- 
dulums, the  difference  of  whose 
lengths  was  the  intended  measure. 

Here  also  the  ratio  of  their  lengths 
was  easily  determined,  from  ob- 
serving the  number  of  vibrations 
performed  in  a  given  time  at  each 
point  of  suspension.  Whence  there 
being  two  equations  and  two  un- 
known quantities,  the  actual  leni,'tU 
of  the  pendulnms  themselves, 
might  be  easily  deduced  by  simple 
algebraic  rules.  The  late  ingenious 
Mr.  Whitehurat  much  improved 
upon  Mr.  Hation's  original  notion, 
in  his  essay  published  in  1787, 
under  the  title  of  "  An  Attempt 
towards  obtaining  invariable  Mea- 
sures of  Length,  Capacity,  and 
Weight,  from  the  Mensuration  of 
Time,"  &c. 

Mr.  Whitehurst's  proposal  is  to 
obtain  a  measure  of  the  greatest 
length  that  convenience  will  per- 
mit, from  two  pendulums  whose 
vibrations  are  in  the  ratio  of  2  to  I, 
and  whose  lengths  coincide  with 
the  English  standard  in  whole  num 
bers.  His  numbers  were  chosen 
with  considerable  judgment  and 
skill.  On  a  supposition  that  the 
length  of  th^  second's  pendulum 
in  the  latitude  of  London  is  39'2 
niches,  the  length  of  one  vibrating 
42  times  in  a  minute  must  be  80 
inches;  and  that  of  another  vibrat- 
ing 84  times  in  a  minute  must  be  20 
inches;  their  difference  CO  inches, 
or  5  feet,  in  his  standard  measure. 
The  dilference  in  the  lengths  of 
the  two  pendulums,  h&iwever,  re- 
sulting from  his  experiments,  was 
M*802  inches,  instead  of  OU,  the 
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Bat  it  is  to  be  observed,  that  in 
this,  as  well  tis  every  other  mecha- 
nical engine,  whatever  is  gained 
in  power,  is  lost  in  time ;  tiiat  is, 
the  weight  will  move  as  much 
slower  than  the  power,  as  ihe  force 
is  increased  or  multiplied,  which, 
in  the  example  above,  is  100000 
times  slower. 

Hence,  having  given  any  power, 
and  the  weight  to  be  raised,  with 
the  proportion  between  the  wheels 
and  axles  necessary  to  that  effect ; 
to  find  the  number  of  the  wheels 
and  axles.  Or,  having  the  nam* 
ber  of  the  wlieels  and  axles  given, 
to  find  the  ratio  of  the  radii  of  the 
ivheels  and  axles.  Here,  putting 
■f  =  the  power  acting  on  the  last 

wheel, 
fc  s«  the  weight  to  be  raised, 
r  =the  radias  of  the  axles, 
R  =  the  radius  of  the  wheels, 
n  =  ihe  number  of  the  wheels 
and  axles;   then,  by  the  general 
proporiiun,   as   r«  :  R»  =  j»  :  «;; 
therefore  j*  R«  =a;r»  is  a  gt* iieral 
theorem,   whence  may  be   found 
any  one  of  these   five  letters  or 
quantities,  when  the  other  four  are 
given.    Thus,  to  find  n  the  number 
of  wheels:  we  have  first 

R« __  n;     .,^^_ lop. IP ^ log. p 

—--  ==  — •  t  then  n  = — — ;— — 

r»       p^  log.R.— log.r- 

Andtofind — ,  the  ratio  of  the 


vheel  to  the  axle ;  it  is  >-  =  «^ 

r 
fir 


Undershot  FFaf«r>WBBKLs,  are 
those  in  which  the  motion  of  the 
stream  exceeds  that  of  the  wheel, 
so  that  the  fluid  impels  them  for- 
ward by  its  action  against  the  float 
boards,  which  are  immersed  in  it 
to  a  certain  depth. 

Overshot  Water-W BtiEh,  is  that 
which  consists  of  a  frame  of  open 
buclcets,  so  disposed  round  the  rim 
of  the  wheel  as  to  receive  the  wa- 
ter from  its  fall,  in  sach  a  manner 
that  one  side  is  loaded  with  water 
while  the  other  is  empty,  in  con- 
8equence,of  which  the  loaded  side 
descends,  and  empties  its  buckets, 
while  those  on  the  other  side  re- 
volve round  and  are  filled  in  their 
tarn ;  and  by  means  of  which  a 
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uniform  circalar    motioa  is  pro- 
duced. 

WINCH,  the  bent  handle  em- 
ployed for  turning  round  wheels, 
and  producing  circular  motion. 

WIND,  sensible  current  in  the 
atmosphere.  The  motions  of  the 
atmosphere,  are  subject  in  some 
degree  to  the  same  laws  as  those  of 
the  denser  fluids  ;  if  we  remove  a 
portion  of  water  in  a  large  reser- 
voir, we  see  the  surrounding  water 
flow  in  to  restore  the  equilibrium ; 
and  if  we  impel,  in  any  direction, 
a  certain  portion,  an  equal  quantity 
moves  in  a  contrary  direction  from 
the  same  cauxe  ;  or  if  a  portion 
being  rarefied  by  heat,  or  con- 
densed by  cold,  ascends  in  the 
one  instance  and  descends  in  th6 
other,  a  counter-current  is  the 
visible  and  natural  result;  and  si- 
milar eflVcts  are  found  to  follow 
the  same  causes  in  the  atmospheric 
fluid. 

The  general  causes  may  be  stated 
as  follow : 

1.  The  ascent  of  the  air  over  cer- 
tain tracts,  heated  by  the  sun.  9. 
Evaporation  causing  an  actual  in- 
crease in  the  volume  of  the  at- 
mosphere. 3.  Kuin,  snow,  &c.  , 
causing  an  actual  decrease  in  its 
volume  bv  the  destruction  of  the 
vapour.  Currents  thus  produced 
may  be  permanent  and  general, 
extending  over  a  large  portion  of 
the  globe ;  periodical,  as  in  the 
Indian  ocean  ;  or  variable,  and  as 
it  were  occasional,  or  at  least  un- 
certain, as  the  winds  in  temperate 
climates. 

General  or  permanent  winds 
blow  always  nearly  in  the  same 
direction.  In  the  Atlantic  and 
Pacitic  oceans,  under  the  equator, 
the  wind  is  almost  always  easterly  ; 
it  blows,  indeed,  in  this  direction, 
on  both  sides  of  the  equator  to  the 
latitude  of  29*.  More  to  the  north- 
ward of  the  equator,  the  wind  ge- 
nerally blows  between  the  north 
and  east;  and  the  farther  north  we 
proceed,  we  And  the  wind  to  blow 
to  a  more  northern  direction ; 
more  to  the  southward  of  the 
equator  it  blows  between  the 
south  and  east ;  and  the  farther  to 
the  south,  the  more  it  comes  in 
that  direction. 
Between  the  parallels  of  88*  and 
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4«^  nonlh  latitude,  in  that  tract 
wliicii  exteiul^  frum  SO*  west  tu 
100"  rast  ionKitiiile  from  -Ltindon, 

tlie  wind  i.^  vanable,  but  it  moil 
iVrqiieiilly  blows  I'roin  between  the 
N.  W.  aud  S.  W.  an  that  the  out- 
ward-bound Eau-lndia  ships  ge- 
nerally run  down  Iheii*  easting  on 
the  parallel  of  30*  soaih. 

PerioilUal  Winds.— Those  winds 
winch  blow  in  a  certain  direction 
for  a  time,  and  at  certain  stated 
seasons  chanf^e,  and  blow  for  an 
equal  space  oi'  lime  from  the  o|>- 
)M}iite  iMtint  of  the  compass,  are 
called  monsoons.  During  the 
montlis  of  Apnl,  M«»y,  June,  July, 
AuRUst,  and  September,  the  wind 
blows  from  southward  over  the 
■XV hole  lenRlh  of  the  ladian  ocean, 
rlz.  between  the  parallels  of  28* 
N.  and  2S'  S.  latitude,  and  between 
the  eaiitern  coast  of  Africa  and  the 
meridian  which  passes  through  the 
western  part  of  Ja|>an  ;  but  in  the 
other  months,  October,  Novem> 
ber,  December,  January,  February, 
and  March,  the  winds  in  all  the 
iiitrthern  parts  of  the  Indian  ocean 
shiil  n»und,  and  blow  directly  con- 
trary to  the  course  they  held  in 
the  former  six  months.  For  some 
days  before  and  after  the  change, 
there  are  calms,  vahable  winds, 
and  tremendous  storms,  with  thun- 
der, &c. 

Causes  of  the  Wind.— Philow- 
plii'is  dilFfr  ill  their  opinions  re- 
speclini;  the  cause  of  these  pe- 
riodical windH;  but  a  more  proba- 
ble tlicory  of  the  general  trade- 
winds  i«,  that  they  are  occasioned 
by  the  heat  of  the  sun  in  the  re- 
gions above  the  equator,  where 
the  air  is  healed  to  a  greater  de- 
gree, and  consequently  rarefied 
more  than  in  the  more  northern 
parts  of  the  globe.  From  this  ex- 
pansion of  the  air  in  theite  tropical 
regions,  the  denser  air,  in  higher 
latitudes,  rushes  violently  towards 
the  equator  from  boih  sides  of  the 
globe.  By  this  conflux  of  the 
denser  air,  without  any  other  cir- 
cumstances intervening,  a  direct 
northerly  wind  would  be  produced 
in  the  northern  tropic,  and  a 
southern  one  in  the  other  tropic ; 
but  as  the  earth's  diurnal  motion 
varies  the  direct  intiuence  of  the 
sun  over  the  surface  of  the  earth, 
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and  as  by  that  motion  this  in- 
fluence is  communicated  from  east 
to  vest,  an  easterly  wind  would 
be  produced  if  this  influence  aloue 
prevailed.  On  account  of  the  co- 
operation of  these  two  causes  at 
the  same  time,  the  trade-winds 
blow  natnrally  from  the  N.E.  on 
the  north,  and  from  the  S.  £.  on  the 
south  of  the  line,  throaghont  the 
whole  year;   but,  as  the  sun  ap* 

S roaches  nearer  the  tropic  of 
ancer  in  our  summer  season,  the 
point  towards  which  these  winds 
are  directed  will  not  be  invariably 
the  same,  but  they  will  incline 
more  towards  the  north  in  that 
season,  and  more  towards  the 
south  in  our  winter. 

The  land  and  sea  breezes  in  the 
tropical  climates  may  be  considered 
as  partial  interruptions  of  the  ge* 
neral  trade-winds ;  and  the  cause 
of  these  it  is  not  very  difficult  to 
explain.  From  water  being  a  bet- 
ter conductor  of  heat  than  earth, 
the  water  is  nlways  of  a  mure  even 
temperature.  During  the  day, 
therefore,  the  land  becomes  con- 
siderably heated,  the  air  lareiied, 
and  consequently  in  the  alternnon 
a  breeze  sets  in  from  the  sea,  which 
IS  less  heated  at  that  time  than  the 
land.  On  the  other  hand,  during 
the  night  the  earth  loses  its  sur- 
plus heat,  while  the  sea  continues 
more  even  in  its  temperature.  To- 
wards morning,  therefore,  a  breeze 
regularly  proceeds  from  the  land 
towards  the  ocean,  where  the  air 
is  warmer,  and  consequently  more 
rarelied,  than  on  shore. 

The  cause  of  the  monsoons  i* 
not  so  well  understood  as  that  of 
the  general  trade-winds  ;  but  what 
has  been  just  remarked  sugge«its 
at  least,  a  probable  theory  on  the 
subject.  It  is  well  known,  that  at 
the  equator  the  changes  of  heat 
and  cold  are  occasioned  by  tbe 
diurnal  motion  of  the  earth,  and 
that  the  difference  between  the 
heat  of  the  day  and  the  night  is 
almost  all  that  is  perceived  in 
those  tropical  regions  ;  whereas  in 
the  polar  regions  the  great  vicis$i* 
tudes  of  heal  and  cold  arc  <»cca- 
sioned  by  the  annual  motion  of  the 
globe,  which  produces  the  sensible 
changes  of  winter  and  summer ; 
consequently,  if  the  heat  of  the 
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»nn  was  the  only  caase  of  the  va-ldo  if  no  land  was  there.    But  a» 
nation  of  the  winds,  the  cVianges,  |  the    high    mountains    of    Ai'rica, 


if  any,  that  would  be  produced  by 
those  means  in  equatorial  regions, 
ought  to  be  diurnal  only,  but  the 
changes  about  the  pole  should  be 
experienced     only    once     in     six 
months.     As   the    effects    arising 
from  the  heat  of  the  sun  upon  the 
air  must  be  greater  at  the  equator 
than  at  the  poles,  the  changes  of 
the  wind  arising  from  the  expan- 
sion of  the  air  by  the  sun's  rays 
must  be  more  steady  in  equatorial 
than  in  polar  regions.    Tlie  incon- 
trovertible  evidence  of  navigators 
proves  this  truth,  that  winds  are 
more  variable  towards  the  poles, 
and    more    constant  towards  the 
equator.    £ut  in  summer,  the  con- 
tinual heat,  even  in  high  latitudes, 
comes  to  be  sensibly  felt,  and  pro- 
duces changes  in  the  wind,  which 
are  distinctly  perceptible.    In  our 
own   cold   rugion,    the    efiects   of 
the  sun  on  the  wind  are  felt  during 
the  summer  months;  (or  while  the 
Aveather  in  that  season  of  the  year 
is   fine,   the   wind    generally    be- 
comes stronger  as  the  time  of  the 
day  advances,  and  dies  awny  to- 
wards the   evening,  and"  assumes 
that  pleasing  serenity  so  delightful 
to   our   feelings.      Such    are    the 
diurnal    changes   of  the  wind   in 
northern  climates.    The  annual  re- 
volution of  the  sun  produces  still 
more  sensible  effects.    The  pteva- 
Icnce  of  the  western  winds  during 
summer  we  may  attribute  to  this 
cause,  which  is  still  more  percep* 
tible   in  France  and    Spain ;    be- 
cause the  continent  of  land  to  the 
eastward,  being  heated  more  than 
the  waters  of  the  Atlantic  ocean, 
the  air  is  drawn,  dtiting  that  sea- 
son, towards  the  east,  and  conse- 
quently produces  a  western  wind. 
But  these  effects  are  much  more 
perceptible  in  countries  near  the 
tropics  than  with    us.    For   when 
the  sun  approaches  the  tropic  of 
Cancer,  the  soil  of  Persia,  Bengal, 
Cliina,  and  the  adjoining  countries, 
becomes    so    much    more    heated 
than  the  sea  to  the  southward  of 
those  countries,  that  the  current 
of  the  general  trade.wind  is  inter- 
rupted, so   as    to   blow,    at   that 
season,    from   the    south    to    the 
north,  contrary  to  what  it  woald 
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during  all  the  year,  are  extremely 
cold,  the  low  countries  of  India, 
to  the  eastward  of  it,  become 
hotter  than  Africa  in  summer,  and 
the  air  is  naturally  drawn  thence 
to  the  eastward.  From  the  same 
cause  it  follows,  that  the  trade- 
wind  in  the  Indian  ocean,  from 
April  till  October,  blows  in  a 
north-east  direction,  contrary  to 
that  of  the  general  trade-wind  in 
open  seas  in  the  same  latitude  ; 
but  when  the  sun  retires  towards 
the  tropic  of  Capricorn,  these 
northern  parts  become  cooler,  and 
the  general  trade-wind  assumes  its 
natural  direction. 

Having  givbn  the  roost  obvious 
causes  of  the  periodical  monsoons 
in  bhe  Indian  seas,  it  is  necessary 
to  observe,  that  no  monsoon  takes 
place  to  the  southward  of  the 
equator,  except  in  that  part  of  the 
ocean  adjoining  to  New  Holland. 
There  the  same  causes  concur  to 
produce  a  monsoon  as  in  the 
northern  tropic,  and  similar  ap- 
pearances take  place.  From  Octo- 
ber till  April,  the  monsoon  sets  in 
from  the  N .  W.  to  S.  E.  opposite 
to  the  general  course  of  the  trade- 
wind  on  the  other  -side  of  the 
line ;  and  here  also  the  general 
trade-wind  resumes  its  usual 
course  during  the  other  months, 
which  constitute  the  winter  season 
in  these  regions.  It  may  not  be 
improper  to  conclude  this  account 
of  the  tropical  winds,  by  enume- 
rating some  of  the  principal  inflec- 
tions of  the  monsoons. 

Between  the  months  of  April 
and  October,  the  winds  blow  con- 
stantly from  W.  S.  W.  in  all  that 
part  of  the  Indian  ocean  which 
lies  between  Madagascar  and  Cape 
Comorin,  and  in  the  contrary  di- 
rection from  October  till  April, 
with  some  small  variation  in  dif- 
ferent places ;  but  in  the  Bay  of 
Bengal  these  winds  are  neither  so 
strong  nor  so  constant  as  in  the 
Indian  ocean.  It  must  also  be  re- 
marked, that  the  S.  W.  winds  in 
those  seas  are  more  southerly  on 
the  African  side,  and  more  wester- 
ly on  the  side  of  India  ;  but  these 
variations  are  not  so  great  as  to 
be  repugnant  to  the  general  theory* 
SB 
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Tlie  cause  of  this  variation  is,  as 
^as  before  intiinaled,  ibat  the 
muuiiiaiiious  lands  of  Africa  are 
colder  than  the  fluiier  regions  of 
Arabia  and  India  ;  consequently, 
the  wnid  naturally  blows  from 
these  cold  niouniauis,  in  the  sum- 
mer sea&un,  towaids  the  warmer 
lands  of  Aaib,  which  occasions 
those  infleciions  ot  the  wind  to 
the  eaftiwaid  during  the  summer 
inoiiilih.  The  ptniiisula  of  India 
Uiiii;  »(>  much  lariher  to  the  south 
than  the  kingdoms  of  Arabia  and 
PerMa,  adds  greatly  to  this  effect; 
because  the  wind  natntally  draws 
towaids  litem,  and  produces  that 
easieily  vaiiation  of  the  monsoon 
which  lakes  place  in  this  part  of 
the  ocean,  while  the  sandy  deserts 
of  Arabia  draw  the  winds  more  di- 
rectly northward,  near  the  African 
coast. 

Variable  Wihds.— In  the  tem- 
perate zones  the  direction  of  tlie 
winds  is  by  no  means  so  regular  as 

between  the  tiopics.  Even  in  thejquent  as  we  approacli  the 
same  degree  of  latitude  we  find 
them  often  blowing  in  dilVerent 
directions  at  the  same  time  ;  while 
their  changes  ate  frequently  so 
sudden  and  so  capricious,  that  to 
account  lor  them  has  hitherto  been 
found  impossible.  When  winds 
are  violent,  and  continue  long, 
they  generally  extend  over  a  large 
tract  of  country  ;  and  this  is  more 


certainly  the  case  when  they  blow 
frttin  tlie  north  or   east  titan  from 
any   oilier  points.     By   the   niulii- 
plication  and  comparison    of  ine- 
teoiological   tables,    some    regular 
Connection    belween    the    changes 
of    the     atinofiphere    in     ditlereiit 
places  nia^ ,  in  time,  be  observed, 
winch  may  at  last  lead   to  a  satis- 
factory theory  of  the  winds.     It  is 
fioni  such  tables  chielly,  that  the 
following  facts  have  been  colierted: 
In  \  irginia,  the  ])revuiliiig  winds 
are   between  the  south-west,  west, 
norili,  and   north-west  ;    the   inosi 
frequent  is  the    soulh-wcst,  which 
blows    more    constantly    in    June, 
July,    and    August^    than     at   any 
other     season.       The      noiih-west 
wiitiis    blow   most   coniituiitly    in 
>iov  ember,  January,  and  February. 
At    Ip-twicli,  in   New  England,  ttie 
prevailing  winds  are  also  between 
the    soiith-wct>t,  west,    iiurth,    and 
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north'Cast;  the  most   freqoent  \i 
Ute  north-west.    Bat  at  Cambridge, 
in  the  same  province,  the  most  fre- 
quent wind  IS  the  south-east.    The 
predominant  winds  at  New  York 
are  the  north   and  west;    and  in 
Nova  Scotia  north<west  winds  blow 
for  three-fourtlis  of  the  year.  -  The 
same  wijid  blows  most  frequently 
Mt   Montreal    in    Canada;    but  at 
Quebec  the  wind  generally  follows 
the  direction  of  the  river  Su  Law- 
rence, blowing   either     from   the 
north-east  or  south.we8t.    At  Hud- 
son's Bay  westerly  winds  blow  for 
three-fourtlts    of    the    year;   the 
north-west    wind     occasions    the 
greatest  cold,  but  the   north  and 
north-east  are  the  vehicles  of  snow. 
It  appears  from  these  facts,  that 
westerly  winds  are  most  frequent 
over  the  whole  eastern  coast  of 
North  America ;  that,  in  the  soctb- 
ern    provinces,   south-west    winds 
predominate ;  and  that  the  nortb 
west  become  gradually  more  fre- 

frigid 
sune. 

In  Egypt,  during  part   of   May, 
and  during  June,  July,  Angast,and 
September,  the  wind  blows  almost 
constantly  from  the  north,  var>iiif 
sometimes   in  June    to    the  west, 
and  in  July  to  the  west  and   the 
east;  during   part   of   September, 
and  in  October  and  November,  the 
winds  are  variable,  but  blow  more 
regularly   from  the   east   than  any 
other  quarter;   in  December,  Ja- 
nuary, and   February,    they   blow 
front   the  noith,   north-west,    and 
west ;  towards  the  end  of  February 
they  change  to  the  south,  in  which 
quaiter  they  continue  till  near  the 
end  of  March;  during  the  last  days 
in  March   and  in  April,  they  blow 
iVom    the    sonlh-eas;,    soutli,    and 
houth  west,  and    at  hist    from    the 


e;tsl;  and    in    this   direction    they 
coniinne  during  a  pait  of  May. 

In  the  Mediterranean  the  wind 
blows  neai  ly  three-fourths  of  the 
year  Irotn  the  north  ;  about  the 
equinoxes  there  is  always  an  east- 
erly wind  in  that  sea,  which  is  ge- 
nerally more  constant  in  spring 
than  in  autumn.  These  ob»erva- 
lions  do  not  apply  to  the  gut  of 
Gibraltar,  where  there  are  seldom 
any  winds  except  the  east  and  the 
west.    At  Baslia,  in  the  island  of 
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Oorsica,  the  prevailing  wind  is  tlie 
south-west. 

In  Syria  the  north  wind  blows 
from  the  autumnal  equinox  to  No- 
vember; during  December,  Janu- 
ary, and  February,  the  winds  blow 
from  the  west  and  south-west ;  in 
March  they  bh>w  from  the  south  ; 
in  May  from  the  east ;  and  in  June 
from  the  north.  From  this  montli 
to  the  autumnal  equinox,  the  wind 
changes  gradually  as  the  smi  ap- 
proaches the  equator ;  first  to  the 
east,  then  to  the  south,  and,  lastly, 
to  the  west.  At  Bagdad,-  the  most 
frequent  winds  are  the  south-west 
and  north-west;  at  Pekin,  the 
north  and  the  south;  at  Kamts- 
chatkn,  on  the  north  east  coast  of 
Asia,  the  prevailing  winds  blow 
from  the  west. 

In  Italy,  the  prevailing  winds 
differ  considerably  according  to  the 
situation  of  the  places  where  the 
observations  have  been  made :  at 
Rome  and  Padua  they  are  norther- 
ly, at  Milan  easterly.  All  that  We 
have  been  able  to  learn  concern- 
ing Spain  and  Portugal  is,  that,  on 
the  west  coast  of  these  countries, 
the  west  is  by  far  the  most  com- 
mon wind,  particularly  in  summer ; 
and  that  at  Madrid  the  wind  is 
north-east  for  the  greatest  part  of 
the  summer,  blowing  almost  con- 
8tantl3'  from  the  Pyrenean  raonn- 
tains.  At  fierne,  in  Switzerland, 
the  prevailing  winds  are  the  north 
and  n^est ;  at  St.  Gothard,  the 
north-east;  at  Lausanne,  the  north- 
west and  south-west. 

In  the  interior  parts  of  France, 
the  south-wpst  wind  blows  most 
frequently  in  18  places;  the  west 
wind  in  14 ;  the  north  in  13 ;  the 
south  in  6;  the  north-east  in  4 ;  the 
south-east  in  2;  the  east  and  north- 
west each  of  them  1.  On  the 
west  coast  of  the  Netherlands,  as 
far  as  Rotterdam,  the  prevailing 
winds  are  probably  the  south-west, 
at  least  this  is  the  case  at  Dunkirk 
and  Rotterdam.  It  is  probable  also 
that  along  the  rest  of  this  coast, 
from  the  Hague  to  Hamburgh,  the 
prevailing  winds  are  the  north- 
went,  at  least  these  winds  are  most 
frequent  at  the  Hague  and  at  Fra- 
n>;ker.  The  prevailing  wind  at 
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Delft  is  the  south-east ;  and,  at 
Breda,  the  north  and  the  east. 

In  Germany,  the  east  wind  is 
most  frequent  at  Gottingen,  Mu- 
nich, Weissenfels,  Dusseldorf,  Sa- 
ganum,  Erford,  and  at  Bnda,  in 
Hungary  ;  the  south-east  at  Prague 
and  Wurtzbnrg  ;  the  north-east  at 
Ratisbon  ;  and  the  west  at  Man- 
heim  and  Berlin. 

From  an  average  of  ten  years  of 
the  register  kept  by  order  of  the 
Royal  Societ5%  it  appears  that  at 
London  the  winds  blow  in  the  fol« 
lowing  order : 

Winds,  Days, 

South-west  112 

North-east    58 

North-west 50 

West    51 

South-east    i,      32 

Ea^st    28 

South •       18 

North  10 

It^  appears  from  the  same  regis> 
ter,  that  the  south  west  wind  blows 
at  ao  average  more  frequently  than 
any  other  wind  during  every  month 
of  the  year,  and  that  it  blows  tong« 
est  in  July  and  August ;  that  the 
north-east  blows  most  constantly 
during  January,  March,  April,  May, 
and  June,  and  most  seldom  duripg 
February,  July,  September,  and 
December ;  and  that  the  north- 
west wind  blows  ot'tener  from  No- 
vember to  March,  and  more  .seldom 
during  September  and  October 
than?!tny  other  months.  The  south- 
west winds  are  also  most  frequent 
at  Bristf»),  and  next  to  them  are 
the  north-east. 

The  southwest  wind  is  by  far  the 
most  frequent  all  over  Scotland, 
especiall}' on  the  west  coast.  There 
it  blows  three-fourths  of  the  year, 
and  upon  the  north-east  coast  of 
Moray  it  blows  two-thirds  of  the 
year. 

The  following  table  exhibits  a 
view  of  the  number -of  days  during 
which  the  westerly  and  easterly 
winds  blow  in  a  year  at  different 
parts  of  the  island.  Under  the  term 
westerly  are  included  the  north- 
west, west,  south.west,  and  south  ;  * 
the  term  easterly  is  taken  in  th« 
same  latitude. 
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Years  of 
Observ. 


10 

7 
51 

9 
10 

7 
8 


Places. 


London    ••..•••,.••• 

Lancaster •• 

Liverpool    ...•,. 

Diunfries 

Branxholm,     fifty-four    miles  > 
souiti>west  of  Berwick  3 

Cambiislang •  • 

Hawkhill,  near  Edinbargh     •  • 

Mean 


Wind. 
Westerly.)  Easterly 


233       i 
216       ! 
190 
227.5 

232 

214 

229.5 


220.3 


133 

151 
135.5 


144.7 


In  Ireland  the  south-west  and 
we.st  are  the  grand  trade-winds, 
blowing  most  in  summer,  autumn, 
and  winter,  and  least  in  spring. 
The  norih-east  blows  nu»t  in  spring, 
and  nearly  double  to  what  it  does 
in  autumn  and  winter.  The  south- 
east and  north-west  are  nearly 
equal,  and  are  most  frequent  after 
the  south-west  and  west. 

At  Copenhagen  the  prevailing 
winds  are  the  east  and  south-east; 
at  Stockholm,  the  west  and  norilu 
In  Russia,  from  an  average  of  a 
register  of  16  years,  the  winds 
blow  from  November  to  April  in 
the  following  order : 

W.     N.W.    E.    S.W,    S. 
Days   45         26        23        22        20 

N.  E.    N.     S.  E. 
19        14        12 

And  during  the  other  six  months, 
W.    N.W.    E.    S.  W.    S. 

Days    27        27        19        24        22 
N.E.    N.     S.E. 

15        32        18 

The  west  wind  blows  during  the 
whole  year  72  days;  the   north- 
west 58 ;  the  south-west  and  north 
46  days  each.     During  summer  it 
is  calm    for  41    days,  and  during  | 
winter    for   21.    In    Norway,    the ' 
most  frequent  winds  are  the  south,  j 
the  south-west,  and  south-east.  The 
wind  at  Bergen  is  seldom  directly 
west,  but  generally  south-west  01 
south-east ;  a  north-west,  and  espe 
cially   a  north-east  wind,  are  but 
little  known  there. 

From  the  whole  of  these  facts,  it 
appears   that   the    most    frequent 
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winds  on  the  south  coasts  of  £a* 
rope  are  the  north,  the  north-east, 
and  north-west ;  and  on  the  wes- 
tern  coast,  the  south-west ;  that  in 
the  interior  parts  which  lie  most 
contiguous  to  the  Atlantic  ocean, 
south-west  winds  are  also  mostfre- 
quent;  but  that  easterly  winds 
prevail  in  Germany.  Westerly 
winds  are  nlso  most  frequent  oa 
the  north-east  coast  of  Asia. 

It  is  probable  that  the  winds  are 
more  consUnt  in  the  south  tenipe- 
rate  zone,  which  is  in  ■  a  great 
measure  covered  with  water,  than 
in  the  north  tem|)e,rate  zone,  where 
their  direction  must  be  frequently 
interrupted  and  altered  by  moun- 
tains and  other  causes. 

M.  De  la  Caille,  who  was  sent 
thither  by  the  French  king  to  make 
astronomical  observations,  informs 
us'that,  at  the  Qapeof  Good  Hope, 
the  principal  winds  are  the  south- 
east and  norlh-west;  that  oilier 
winds  seldom  last  longer  than  a 
few  days ;  and  that  tiie  east  and 
north-east  winds  blow  very  sel- 
dom. The  southea<^t  wind  blows 
in  most  monihs  of  the  year,  but 
chiefly  from  October  to  April  •  the 
north-west  prevails  during '  the 
other  six  months,  bringing  along 
with  it  rain,  and  tempests,  and 
hurricanes.  Between  the  Cape  of 
Good  Hope  and  New  Holland,  the 
winds  are  commonly  westerly  and 
blow  in  the  following  order  :  north- 
west, south-west,  west,  north. 

In  the  South  Sea,  from  latitude 
300  to  400  south,  the  south-east 
trade-wind  blows  most  frequently, 
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especially  when  the  sun  approach* 
es  the  tropic  of  Capricorn  ;  the 
wind  next  to  it  in  frequency  is 
the  north-west,  and  next  to  that  is 
the  south-west.  From  south  lati- 
tude 4(fi  to  Sffif  the  prevailing  y^  ind 
is  the  north-west,  and  next  the 
south-west.  From  000  to  600,  the 
most  frequent  wind  is  also  the 
norih-west,  and  next  to  it  is  the 
west. 

Thus-  it  appears  that  the  trade- 
winds  sometimes  extend  farther 
into  the  south  temperate  zone  than 
their  usual  limits,  particularly 
during  summer;  that  heyond  their 
influence  the  winds  are  commonly 
westerly,  and  that  they  bibwin  the 
following  order,  north-west,  south- 
west, west. 

Such  is  the  present  state  of  the 
history  of  the  direction  of  the 
winds*  In  the  torrid  zone  they 
blow  constantly  from  the  north- 
east on  the  north  side  of  the  equa 
tor,  and  from  the  south-east  on  the 
south  side  of  it.  In  the  north 
temperate  zone  they  blow  most 
frequently  from  the  t>outh-wesi ;  in 
the  south  temperate  zone  from 
the  north-west,  changing,however, 
frequently  to  all  ^loints  of  the  com- 
pass ;  and  in  the  north  temperate 
zone  blowing,  particularly  during 
spring,  from  the  north-east. 

Force  and  Velocity  of  the  Wind. 
—As  to  the  velocity  of  the  wind, 
its  variations  are  almost  infinite ; 
from  the  gentlest  breeze,  to  the 
hurricane  which  tears  up  trees 
and  blows  down  houses.  It.  has 
been  remarked,  that  our  most  vio- 
lent winds  take  place  when  neither 
the  heat  nor  the  cold  is  greatest ; 
that  violent  winds  generally  ex- 
lend  over  a  great  tract  of  country, 
and  that  they  are  accompanied  by 
sudden  and  great  falls  in  the  mer- 
cury of  the  barometer.  The  reason 
appears  to  be,  that  violent  winds 
succeed  the  precipitation  in  rain 
of  a  large  quantity  of  vapoui> 
which  previously  constituted  a  part 
of  the  bulk  of  the  atmosphere ; 
and  this  precipitation  cannot  take 
place  when  the  general  tempera- 
ture approaches  to  either  extreme. 
The  wiud  is  sometimes  very  vio- 
lent at  a  distance  from  the  eaith, 
while  it  is  quite  calm  at  its  sur- 
face.    On  one  occasion,  Lanardi 


went  at  the  rate  of  70  miles  an 
hour  in  his  balloon,  though  it  was 
quite  calm  at  Edinburgh  when  he 
ascended,  and  continued  so  during 
his  whole  voyage.  The  same  thing 
happened  to  Garnerin  and  his  com« 
panion  in  their  aerostatic  voyage 
to  Colchester ;  they  having  been 
carried  from  liondon  to  Colches- 
ter, a  distance  of  at  least  60  miles, 
in  three-quarters  of  an  hour,  mak- 
ing the  velocity  of  the  wind,  at 
that  time,  80  miles  per  hour,  or  H 
miles  per  minute.  This  again  may 
be  illustrated  by  the  motions  of 
dense  fluid  which  are  always 
impeded  in  the  parts  contiguous  to 
thesidesand  bottom  of  the  vessels ; 
and  the  same  thing  happens  in 
tide-rivers,  where  the  boatman, 
when  he  wishes  to  proceed  with 
the  tide,  commits  himself  to  the 
middle  of  the  stream  :  but  when 
he  has  to  strive  against  it,  he  keeps 
close  to  the  shore.  It  is,  therefore, 
not  the  upper  parts  of  the  atmo- 
sphere which  are  accelerated,  but 
the  lower  are  retarded  by  friction 
against  the  surface  of  the  earth. 

W  1 N  D  L  A  S  S,  or  WindUtce,  a 
particular  machine  used  for  rais- 
ing heavy  weights,  as  guns,  stones, 
anchors,  Sec. 

This  is  a  very  simple  machine, 
consisting  only  of  an  axis  or  roller, 
supported  horizontally  at  the  two 
ends  by  two  pieces  ot  wood  and  a 
pulley :  the  two  pieces  of  wood 
meet  at  top,  being  placed  diago- 
nally so  as  to  prop  each  other; 
and  the  axis  or  roller  goes  through 
the  two  pieces,  and  turns  in  them. 
The  pulley  is  fastened  at  top,  where 
the  pieces  join.  Lastly,  there  are 
two  staves,  or  handspikes,  which 
go  through  the  roller,  to  turn  it  by  ; 
and  the  rope,  which  comes  over  the 
pulley,  is  wound  off  and  on  the 
same. 

Windlass,  in  a  ship,  is  an  in- 
strument in  small  ships  placed  up- 
on deck,  just  abaft  the  foremast. 
It  is  made  of  a  piece  of  timber  six 
or  eight  feet  square,  in  form  of  an 
axlc'tree,  whose  length  is  placed 
hoiizontally  upon  two  pieces  of 
wood  at  the  ends,  and  upon  which 
it  is  turned  about  by  the  help  of 
handspikes  put  into  boles  made  lor 
that  purpose.  This  instrument 
serves  for  weiphing  anchors,  .or 

aS3 


MATHEMATICAL    AND    PHYSICAL    SCIENCE. 


hirftiiiiff  of  any  wrif;ht  in  or  o«it  of 
the  ihiii,  And  witi  purchaKc  mach 
more  than  any  capstan,  aiui  that 
withnnt  any  datiRcr  to  thone  who 
heave  :  tor  if  in  beavinfc  the  wind- 
laM  about,  any  of  the  liandspikes 
•iMiold  happen  to  break,  the  wind- 
lau  would  Mtop  of  itjielf,  by  means 
of  a  catch  for  that  piir|)one. 

WINDMILL,  a  well-known  en- 
nine  which  receive*  its  motion  from 
the  impulse  of  the  wind. 

We  may  observe,  that  were  the 
sails  set  sqaare  n|>on  their  arms  or 
yards,  and  perpendicular  to  the 
axle-tree,  or  to  the  wind,  no  mo- 
tion would  ensue,  because  the  di- 
rect wind  would  keep  them  in  an 
exact  balance.  But  by  setting  them 
obliquely  to  the  common  axis  like 
sails  of  a  smoke-jack,  or  inclined 
like  the  rudder  of  a  ship ;  the  wind, 
by  sliikinf;  the  surface  of  them  ob- 
litinely,  turns  them  about.  Now 
this  anple  which  the  sails  are  to 
make  with  their  common  axis,  or 
the  degree  of  wratherins;,  as  the 
mlll-wri!;hts  call  it,  so  as  that  the 
wind  may  have  the  greatest  effect, 
is  a  matter  of  nice  inquiry,  and  has 
oecnpied  the  thoughts  of  the  ma- 
tbematician  and  artist. 

In  examining  the  compound  mo- 
tions of  the  rudder  of  a  ship,  we 
find  that  the  more  it  approaches  to 
the  direction  of  the  keel,  or  to  the 
course  of  the  water,  the  more 
weakly  this  strikes  it ;  but,  on  the 
other  hand,  the  ^>reater  is  the 
p(}ucr  of  the  lever  to  turn  the  ves- 
sel about.  The  obliquity  of  the 
rudder  han,  at  the  same  time,  both 
an  a(lvanta;;e  and  a  disa'lvantage. 
It  has  been  a  point  of  inquiry, 
therefore,  to  find  the  posiiion  of 
the  ruiider  when  the  rati<i  of  the 
advantmc  over  the  d  is  id  vantage 
is  the  greatesi.  And  M.  Kenan,  in 
his  theory  of  the  working  of  ships, 
hsH  fonnd,  that  the  best  sit'iation 
of  the  rudder  is  when  it  make:}  an 
an.'le  of  ubout  55  degrees  with  the 
keel. 

The  oMiqnity  of  the  sails,  with 
regard  to  iheir  ax<s,  hns  precisely 
the  saiii"  advaniaiie  anddisadvan- 
tase,  Willi  the  obliquity  of  tlie  rud- 
der  lo  t'le  keel.  And  M.  Parent, 
seeking  by  the  new  analysis  the 
most  advantazeous  situation  of  the 
sails  on  the  axis,  finds  it  the  same 
angle  «>f  about  55  degrees.  This 
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obliquity  has  been  determined  by 
many  other  mathematicians,  and 
found  to  be  more  accurately  M"  44'. 

This  angle,  however,  is  only  that 
which  Hives  the  wind  the  greatest 
force  to  put  the  sail  in  motion,  but 
not  the  angle  which  gives  tlie  force 
of  the  wind  a  maximum  upon  the 
sail  when  in  motion  :  forwheD  the 
sail  has  a  certain  degree  of  veloci- 
ty, it  yields  to  the  wind  ;  and  thca 
that  angle  must  be  increased,  to 
give  the  wind  iu  fall  effect. 

It  may  be  observed,  that  the 
increase  of  tiiis  angle  should  be 
different  acconling  u>  the  different 
velocities  from  the  axle-tree  lo  the 
farther  extremity  of  the  sail.  At 
the  lieginuing,  or  axis,  it  should  be 
54*4^;  and  thence  continually  in- 
creasing, giving  the  vane  a  twist, 
and  so  causing  all  the  ribs  of  the 
vane  to  lie  in  different  planes. 

It  is  farther  observed,  that  the 
ribs  of  the  vane,  or  sail,  ought  to 
decrease  in  length  from  the  axteto 
the  extremity,  giving  the  vans  a 
curvilinear  form  ;  s<»  that  no  part 
of  the  force  of  any  one  rib  be  spent 
upon  the  rest,  but  all  move  oo  in- 
dependent of  each  other.  The 
twist  above-mentioned,  and  the 
diminution  of  the  rib%  are  exea- 
plified  in  the  wings  of  birds. 

As  the  ends  of  the  sail  nearest 
the  axis  cannot  move  with  the 
same  velocity  which  the  tips  or 
farthest  ends  have,  although  tlie 
wind  acts  equally  strong  upon 
them  both,  Fer(ru-«on  (  L(>ctures  on 
Mechanics,  p.  5*,  by  Brewster,} 
suggests,  that,  perhaps,  a  better  po- 
sition than  that  of  stretching  them 
alonu  the  arms  directly  from  the 
cenirv  of  motion,  might  be  to  have 
them  8«t  perpendictilarly  across 
the  farther  ends  of  the  arras,  and 
there  adjusted  lengthwise  to  the 
proper  angle:  for  in  that  case  both 
ends  of  the  sails  would  move  with 
the  same  velocity  ;  and  being  for- 
ther  from  the  centre  of  motion  they 
would  have  so  much  the  more 
power,  and  then  there  would  be 
no  oeraAion  for  having  tiiem  so 
large  as  they  are  generally  made; 
which  would  render  them  lighter, 
and,  ronsequeutly,  there  would  be 
so  much  the  less  friction  on  the 
thick  neck  of  the  axle,  when  it 
turns  in  the  wall.  Mr.  Smeaton, 
from  his  expcriiucu'.s  with  wind. 
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mill  satis,  deduces  several  pracli« 
cal  maxims. 

That  when  the  wind  falls  npon  a 
concave  surface,  it  is  an  advantage 
to  the  power  of  the  whole,  though 
every  part,taken  separately  .should 
not  be  disposed  to  the  best  advau> 
Uge. 

That  a  broader  sail  requires  a 
greater  angle  ;  and  that  when  the 
sail  is  broader  at  the  extremity 
than  near  the  centre,  this  shape 
is  more  advantageous  than  that  of 
a  parallelogram. 

When  the  sails,  made  like  sectors 
of  circles  joining  at  the  centre  or 
axis,  filled  up  about  seven-eighths 
of  the  whole  circular  space,  the 
effect  was  the  greatest. 

The  velocity  of  windmill  sails, 
whether  unloaded  or  loaded,  so  as 
to  produce  a  maximnm  of  effect,  is 
nearly  as  the  velocity  of  the  wind, 
their  shape  and  position  being  the 
same. 

The  load  at  the  maximum  is 
nearly,  but  somewhat  less  than  as 
the  square  of  the  velocity  of  the 
wind. 

The  effects  of  the  same  sails  at  a 
maximnn,  are  *nearly,  but  some* 
what  less,  than  as  the  cubes  of  Uie 
velocity  of  the  wind. 

In  sails  df  a  similar  figure  and 
position,  the  number  of  turns  in  a 
given  time,  are  reciprocally  as 
the  radius  or  length  of  the  sail. 

The  effects   of  sails   of  similar 
figure  and  position  are  as  the  square 
•  of  their  length. 

The  velocity  of  the  extremity  of 
Dutch  milb,  as  well  as  of  the  en* 
larged  sails,  in  ail  their  usual  po- 
sitions, is  considerably  {;reater  than 
the  velocity  of  the  wind. 

M.  Parent,  in  considering  what 
figure  the  sails  of  a  wind-mill 
should  have,  to  receive  the  great- 
est impulse  from  the  wind,  finds  it 
to  be  a  sector  of  an  ellipsis,  whose 
centre  is  that  of  the  axle-tree  of 
the  mill ;  and  the  less  semi-axis 
the  height  of  32  feet ;  as  for  the 
greater,  it  follows  necessarily  from 
the  rule  that  directs  the  sail  to  be 
inclined  to  the  axis  in  the  angle  of 
'95  degrees. 

On  this  foundation  he  assumes 
four  such  sails,  each  being  a  quar- 
ter of  an  ellipse  ;  which  he  shows 
will  receive  all  the  wind  and  lose 
none,  as  the  common  ones  do. 
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These  four  surfuces,  niuU:plied  by 
the  lever,  with  which  the  wind 
acts  on  one  of  them,  ex]>resH  liie 
whole  power  the  wind  lias  to  move 
the  machine,  or  the  whoU*  power 
the  machine  has  when  in  nioii'in. 

A  wind-mill  with  six  elliptical 
sails,  he  shews,  would  still  have 
more  power  than  one  %vith  only 
four.  It  would  only  have  the  same 
surface  with  the  four;  since  the 
four  contain  the  whole  space  of 
the  ellipses,  as  well  as  the  six. 
'But  the  force  of  the  six  would  be 
greater  than  that  of  the  four  in  the 
ratio  of  245  to  231.  If  it  were  de- 
sired to  have  only  two  sails  each, 
being  a  semi-ellipsis,  the  surface 
would  be  still  the  same:  but  the 
power  would  be  diminished  by 
nearone-third  of  that  with  six  sails  ; 
because  the  gr-eatness  of  the  sec- 
tors would  much  shorten  the  lever, 
vrith  which  the  wind  acts. 

The  same  author  has  also  consi- 
dered which  form,  among  the  rec- 
tangular sails,  will  be  most  advan- 
tageous ;  i.  e.  that  which  shall  have 
the  product  of  the  surface  by  the 
lever  of  the  wind  the  greatest. 
The  resalt  of  this  inquiry  is,  that 
the  width  of  the  rectangular  sail 
should  be  nearly  double  its  length  ; 
whereas,  usually,  the  length  is 
made  almost  five  times  the  width. 

The  power  of  the  mill,  with  four 
of  these  new  rectangular  sails,  M. 
Parent  shows,  will  be  to  the  power 
of  four  elliptic  sails,  nearly  as 
13  to  23;  which  leaves  a  consider- 
able advantage  on  the  side  of  the 
elliptic  ones;  and  yet  the  f«»rce  of 
the  new  rectangular  sails  will  still 
"be  considerably  greater  than  that 
of  the  common  ones. 

M.  Parent  also  considers  what 
number  of  the  new  sails  will  be 
most  advantageous ;  and  finds  that 
the  fewer  the  sails,  the  more  sur- 
face there  will  be,  but  the  power 
the  less.  Farther,  the  power  of  a 
wind-mill  with  six  sails  is  denoted 
by  14-;  that  of  another  with  four 
will  be  as  13;  and  another  with 
two  sails  will  be  denoted  by  9. 

That,  as  to  the  coninum  wind- 
mill, its  power  still  diminishes  as 
the  breadth  of  the  sails  is  smaller, 
in  proportion  to  the  length ;  and 
therefore  the  usual  proportion  <»f 
5  to  I  is  exceedingly  dibadvanla- 
geous. 
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WINTER,  one  of  the  foar  seaRons 
or  quarters  of  the  year.  This 
quarter  commences  on  the  day 
when  the  sun's  distance  from  the 
scnith  of  the  pi  hoc  is  the  greatest, 
ttr  when  the  sun  has  tlie  greatest 
declination  on  the  contrary  (lide  of 
tlie  equator,  vix.  in  north*'rM  lati- 
mdes,  when   he  has  the  greatest 


southern  declination  ;  and  in  sooth' 
ern  latitudes  when  he  has  the 
greatest  northern  declination;  and 
it  ends  wiien  he  next  crosses  the 
equinoct'al. 

Wli  CH,  in  the  Higher  Geometrf, 
a  curve  defined  by  the  equation 
a  \/  (ax — a:'2) 
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YARD,  an  EnRtixh  measure  of 
length,  which  contains  3  feet,  and 
i»  equal 

to   4-5th  of  the  English  ell, 
to    70th  of  the  Paris  ell, 
to    4.3d  of  the  Flemish  ell, 
to  99-5th  of  the  Spanish  vasa  or 
yard. 

YEAR,  the  portion  of  time  nccn. 
pied  by  the  sun  in  passing  over  the 
twelve  signs  of  the  zodiac,  and  in 
which  is  comprehended  the  several 
changes  of  the  seasons. 

Tl»e  mean  solar  year,  according 
to  the  observations  of  the  best 
moilern  astronomers,  contains  365 
days,  5  hoars,  48  minutes,  48  se- 
conds; the  quantity  assumed  by 
the  authors  of  the  Gregorian  calen- 
dar, is3jB5days,5  hours,  49  minutes ; 
but  in  the  civil  or  popular  account 
the  year  contams  369  days,  0  honrs, 
or  rather  365  days  for  three  years 
in  succession,  and  every  fourth 
year  360  days. 

The  vicissitude  of  seasons  seems 
to  have  given  occasion  to  the  firbt 
institution  of  the  year.  Man,  na* 
turally  curious  to  know  the  cause 
of  their  diversity ,  soon  conjectured 
that  it  depended  upon  the  motion 
of  the  sun,  and  therefore  gave  the 
name  year  to  the  space  of  time  in 
which  that  luminary  seemed  to 
perform  his  whole  course,  by  re- 
turning again  to  the  same  point  of 
its  orbit. 

According  to  the  accuracy  of 
their  observations,  the  j'ear  of  some 
nations  was  more  perfect  than  that 
of  others,  but  none  of  them  quite 
exact,  nor  whose  parts  did  not  shift 
with  re<!ard  to  the  parts  of  the 
sun's  course. 

According  to  Herodotus,  it  was 
the  Egyptians  who  first  formed  the 
3'ear,  making  it  to  consist  of  360 
days,  which  they  subdivided  into 
12  months,  of  30  days  each.  Mer- 
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cury  TrlRmepi«5tns  added  five  days 
more  U)  the  acconnt ;  and  which 
form  of  the  year  Thales  is  said  to 
haveiji.otituted  amongst  the  Greeks; 
and  hence,  wiiii  successive  im* 
provemcnts,  it  has  been  band^ 
down  ti»  the  m'Klerns. 

The  Astronomical  Soi^r  Tkar,  is 
that  which  is  precisely  determin* 
ed  by  astronomical  «>bservations, 
and  is  of  tVo  kinds,  tropical  and 
sidereal^  or  astral. 

lYopical  or  Natural  Yb&r,  is  the 
time  M'hich  the  sun,  or  rather  tl^ 
earth,  employs  in  passing 'through 
the  12  signs  of  the  zodiac,  and 
which,  as  stated  above,  contains 
365  days,  5  hours,  48  minutes,  48 
seconds,  which  is  the  only  natural 
year,  because  it  always  keeps  the 
same  seasons  in  the  same  months. 

Sidereal  Year,  or  Astral  Year, 
is  the  space  of  lime  the  sun  takes 
in  passing  from  any  fixed  star,  till 
his  return  to  it  again.  This  con- 
sists of  365  days,  6  hours,  9  minutes, 
II  seconds,  being  £0  minutes,  29 
seconds  longer  than  the  true  solar 
year. 

Anomalistic  Yrab,  is  the  interval 
which  is  occupied  by  the  sun  in 
passing  from  apogee  to  apogee,  or 
from  perigee  to  perigee  :  i.i  i"»  preater 
than  the  sidereal  year  by  the  time 
required  to  describe  the  animal 
progression  ot  tlie  apo?;ee.  The 
length  of  the  anomalisiic  year  is 
365  days,  6  hours,  14  minutes,  1  se- 
cond. 

Lunar  Tea  a,  is  the  space  of  12 
lunar  months.  Hence,  from  the  two 
kinds  of  synodical  Innar  months, 
there  arise  two  kinds  of  lunar 
years;  the  one  astronomical,  the 
other  civil. 

Lunar  Astronomical  Year,  con- 
sists of  12  lunar  synodical  months; 
and  therefore  contains  354  dayr, 
8  hours,  48  minutes,  38  secondf. 
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consisted  of  IS  months,  of  different 
(day*,  as  follow;  vix. 

/anuray'     49;    February    28; 

Marcli         31;    April  20; 

May  31;    June  29; 

Qutntilis     31;    Sextilis       29; 

September  29 ;    October      31 ; 

November  29 ;  December  29 ; 
In  all  355  days;  therefore  exceed- 
ing the  quantity  of  a  lunar  civil 
year  by  one  day ;  that  of  a  lunar 
astronomical  year  by  15  hours,  U 
minutes,  22  seconds;  but  falling 
short  of  the  common  solar  year  by 
10  days ;  so  that  its  beginning  was 
still  vagae  and  anfixed. 

Numa,  however,  desiring  to  have 
It  begun  in  the  winter  solstice,  or- 
dered 22 'days  to  be  intercalated  in 
February  every  2d  year,  23  every 
fourth,  32  every  6th,  and  23  every 
0th  year. 

But  this  rule  failing  to  keep 
liiatters  even,  recourse  was  had  to 
^  new  way  of  intercalating ;  and  in- 
stead of  23  days  ef  cry  6lh  year, 
only  15  ware  to  be  added.  The 
pare  of  the  whole  was  committed 
to  the  pontlfex  maximus;  who, 
however,  neglecting  the  trust,  let 
thingt  run  to  great  confusion.  And 
thus  the  Roman  year  stood  till 
Julius  Csesar  reformed  it. 

The  Ancient  Egyptian  Year, 
called  also  the  year  of  Nabonassar, 
on  account  of  the  epocha  of  Na- 
bonas^^ar,  is  the  solar  year  of  365 
days,  divided  into  12  months  of  30 
days  each,  besides  five  inierralary 
days  added  at  the  end.  The  names, 
&c.  of  the  months  arc  as  fullow: 
1.  Troth.  2.  Paophi.  3.  Athyr. 
4.  Chojac.  5»  Tybi.  6.  Mtcheir. 
7.  Phamenoth«  8.  Pharmuthi.  0. 
Pnehon.  10.  Pauni.  11.  Epiphi. 
12.  Mesori. 

The  Ancient  Greek  Year,  was 
lunar ;  consisiihg  of  12  months, 
which  at  first  iiad  30  days  apiece, 
then  allernately   30  and  20  days, 


computed  from  the  first  appearance 
of  the  new  moon ;  wtih  liie  addi- 
tion of  an  embolisuiic  month  of  31 
days  every  3<<,  5ih,  8lh,  Ilth,  14lb, 
]6lh,  and  19lh  year  of  a  c>cle  of 
19  years;  in  order  to  keep  the 
new  and  full  mo<ms  to  the  same 
terrafs  or  seasons  of  the  year.  Their 
year  commenced  with  that  new 
moon,  the  full  moon  of  which 
comes  next  after  the  summer  sol* 
slice. 

The  Ancient  Jewish  Ybar,  is  a 
lunar  year,  consisting  commonly 
of  II  months,  which  alternately 
contain  30  and  29  days.  It  was 
made  to  agree  wiili  the  solar  year, 
eillier  by  the  adding  of  11,  and 
sometimes  12  days,  at  the  end  of 
the  year,  or  by  an  embolismie 
month.  The  names  and  quantities 
of  the  months  stand  thus :  1.  Ni- 
Ran,  or  Abib.  30  days.  2.  Jiar,  or 
Zius,29.  3.  Si  I 'an,  or  Si  wan,  30.  4. 
1  hummnz,  or  Tammns,  29.  5.  Ab, 
30.  6.  Eiul,  29.  7.  Tisri,  or  Stha- 
nim,  30.  8.  Marchesvam,  or  Bull, 
29.  9.  Cisleu,  30.  10.  Tebeth,  29. 
11.  3.  Sabat,  or  Schebeth,  30.  12. 
Adar,  in  the  embolismie  year,  SO. 
Adar,  in  the  common  year,  was 
but  29.  Note,  in  the  defective 
year,  Cisleu,  was  only  29  davs; 
and  in  the  redundant  year.  Mar- 
chesvam  was  30. 

The  Persian  Yea  r,  is  a  solar  year 
of  about  365  days ;  consisting  of  12 
months  of  30  days  each,  with  five 
intercalary  days  added  at  the  end. 

The  Arabic t  Mahometan^  and 
Turkish  Years,  called  also  the 
year  of  the  Hegira,  is  a  Innar  year, 
equal  to  354  days,  8  hours,  and  44 
minutes,  and  consists  of  12  months, 
which  contain  kiternately  30  and 
39  days. 

The  /fj«doo  Year  differs  from  all 
these,  and  is  indeed  difierent  in 
different  provinces  of  India. 
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ZENITH,  in  astron<miy,  the  ver- 
tical point  of  the  heavens,  or  thai 
point  directly  over  our  hfads. 
Or,  it  is  a  point  in  the  sphere 
through  which  if  a  right  line  were 
drawn  through  the  eye  of  the 
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sp<;ctaTor,  Jt  would  pa^s  throngh 
the  centre  of  the  earili  ;  and,  if 
produced,  meet  the/iaf/ir,  forming 
thus  a  diameter  of  the  earth. 

The  zenith  is  culled    the  |H>le  nf 
the  horizon,  being  90°  distant  fruu) 
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«very  point  of  ihat  circle ;  and  the 
iMraliels  of  altitude  are  drawn 
round  it  as  a  centre. 

Zenith  Distance^  the  arc  inter- 
cepted between  any  celestial  ob- 
ject and  the  zeniih,  being  the  same 
as  the  co-aitiiude. 

ZETETIC  Method^  an  old  term 
for  what  we  now  call  analytic 
Method. 

ZODIAC,  in  Astronomy,  an  ima- 
ginary broad  circle  in  the  heavens, 
fn  form  of  a  belt  or  girdle,  within 
which  the  planets  all  make  their 
excursions.  In  the  very  middle  of 
it  runs  the  ecliptic,  or  path  of  the 
sun  In  his  apparent  annual  course ; 
and  its  breadth,  comprehending 
the  deviations  or  latitudes  of  the 
earlier  known  planets,  is  by  some 
Authors  accounted  16,  some  18,  and 
others  30  degrees. 

The  sjodlac,  cutting  the  equator 
obliquely,  makes  with  it  the  same 
angle  as  the  ecliptic;  this  angle 
continually  var^t'ing,  is  now  nearly 
equal  to  23**  281';  and  is  called  the 
obliquity  of  the  ecliptic,  and  con- 
stantly varies  between  certain 
limits  which  it  can  never  exceed. 

The  zodiac  is  divided  into  12 
equal  parts,  of  30  degiees  each, 
called  the  signs  of  the  zodiac, 
being  so  named  from  the  constel- 
lations which  anciently  occupied 
them.  But  the  stars  having  a  mo- 
tion from  west  to  east,  those  con- 
stellations do  not  now  correspond 
to  their  proper  signs ;  from  whence 
arises  what  is  called  the  preces- 
eion  of  the  enuinoxes.  A.na  there- 
fore when  a  star  is  said  to  be  in 
such  a  sign  of  the  zodiac,  it  is  not 
to  be  understood  of  that  constella- 
tion, but  only  of  thatdodecatemory 
or  13th  part  of  it. 

Cassiui  has  also  observed  a  tract 
in  the  heavens,  within  whose 
bounds  most  of  the  comets,  though 
not  all  of  tlieni,  are  observed  to 
keep,  and  which  he  therefore  calls 
the  zodiac  of  the  comets.  This  he 
snakes  as  broad  as  the  other  zodiac, 
and  marks  it  with  signs  or  con- 
stellations, like  that;  as  Antinous, 
Pegasns,Andromeda,Taurii8,0rion, 
the  Lesser  Dog,  Hydra,  the  Cen- 
taur, Scorpion,  and  ^agittary. 

It  is  a  curious  fact,  that  the  solar 

division  of  the  Indian  zodiac  is  the 

aame  in  substance  with  that  qf  the 
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Greeks,  and  yet  that  it  has  not 
been  borrowed  either  from  the 
Greeks  or  the  Arabians.  The  iden- 
tity, or  at  least  striking  similarity  of 
the  division,  is  universally  known  ; 
and  Montucla  lias  endeavoured  to 
prove  that  the  Brahmins  received  it 
front  the  Arabs.  His  opinion,  we 
believe,  has  been  very  generally 
admitted;  but  in  the  second  volume 
of  the  Asiatic  Researches,  the  ac- 
complished president.  Sir  William 
Jones,  has  proved  unanswerably, 
that  neither  of  those  nations  bor- 
rowed that  division  from  the  other  ; 
that  it  has  been  known  among  the 
Hindoos  from  time  immemorial ; 
and  that  it  was  probably  invented 
by  the  first  progenitors  of  that 
race,  whom  ne  considers  as  the 
most  ancient  of  mankind,  before 
their  dispersion. 

The  Greek  zodiac  originally 
contained  only  eleven  signs  :  the 
Scorpion  occupying  the  place  of 
two. 

ZODlACAh  Light,  a  brightnes* 
sometimes  observed  in  the  zodiac, 
resembling  that  of  the  galaxy  or 
milky  way.  It  appears  at  certain 
seasons,  viz,  towards  the  end  of 
winter  and  in  spring,  after  sunset- 
or  before  its  rismg,  in  autumn  and 
beginning  of  winter,  resembling 
the  form  of  a  pyramid,  lyini; 
lengthwise  with  its  axis  along  the 
zodiac,  its  base  being  placed 
obliquely  with  respect  to  the  ho" 
rizon. 

The  zodiacal  light,  according  U» 
Mairan,  is  the  solar  atmosphere,  a 
rare  and  subtile  fluid,  either  lumi- 
nous by  itself,  or  made  so  by  the 
rays  of  the  sun  surrounding  its 
globe ;  but,  in  a  greater  quantity, 
and  more  extensively,  about  his 
equator,  than  any  other  part. 

Mairan  says,  it  may  be  proved, 
from  many  observations,  that  the 
sun's  atmosphere  sometimes  reachee 
as  far  as  the  earth's  orbit,  and 
there  meeting  with  our  atmosphere^ 
produces  the  appearance  of  am 
aurora  borealis. 

The  length  of  the  zodiacal  light 
varies  sometimes  in  reality,  and 
sometimes  in  appearance  only, 
from  various  causes. 

Cassini  often  mentions  the  great 
resemblance  between  the  zodiacal 
light  and  the  tails  of  comets.    Tlw 
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ftiime  (>bs«rvatinn  ban  been  made 
by  Futio ;  and  Kulor  oiidouvoiired 
t<>  prove  Lliut  they  were  ovtriiig  to 
similar  causes. 

This  >i;;lit  Keenm  to  have  no 
other  inolioii  than  that  of  the  sun 
ilsi'if ;  and  its  extent  from  the  son 
to  its  point  is  seldom  less  than  50 
or  00  def^rees  in  length,  and  more 
than  20  degrees  in  breadth  ;  but  it 
has  been  known  to  extend  to  100 
or  loa-*,  and  from  8*  to  0^  broad. 

It  it  now  generally  acknow- 
ledf^cd,  that  the  electric  fluid  is  the 
cause  of  the  aurora  borealis,  as- 
cribed by  Hairan  to  the  solar  aU 
nioKpbcre,  which  produces  the 
Kodiucal  light, and  which  is  thrown 
olf  chiefly  and  to  the  greatest  dis- 
tance from  the  equatorial  parts  of 
the  sun,  by  means  of  the  rotation 
on  his  axi^,  and  extending  visibly 
as  far  as  the  orbit  of  the  earth, 
where  it  fall5  into  the  upper  regions 
of  our  Atmosphere,  and  is  collected 
chiefly  towards  the  polar  parts  of 
the  earth,  in  consequence  of  the 
diurnal  revolution,  where  it  forms 
the  aurora  borealis.  And  hence  it 
has  been  suggested,  as  a  probable 
coi\jecture,  that  the  sun  may  be 
the  fountain  of  the  etecirical  fluid, 
and  that  the  zodiacal  li)!ht,  and 
the  tails  of  comets,  as  well  as  the 
aurora  borealis,  the  lightning,  and 
artiricial  electricity,  are  its  va- 
rious  and  not  very  dissimilar  mo- 
dificatiims. 

ZONE,  a  division  of  the  earth's 
surface,  by  means  of  parallel  cir« 
clcs,  chietly  with  respect  to  the 
decree  of  heat  in  the  different 
parts  of  that  surface. 

The  zones  were  commonly  ac- 
counted five  in  number ;  one  a 
broad  belt  round  the  middle  of 
the  earth,  having  the  equator  in 
the  middle  of  it,  and  bounded  to* 
war.is  tlie  north  and  south  by  pa- 
rallel circles  passing  tliixiugh  the 
tropici>  of  Cancer  and  Capricorn. 
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Til  is  tlKey  Mlled  the  tomd  zonc^ 
which  they  supiMMcd  not  habit- 
able, on  account  of  its  exlrenie 
heut.  Though  sometimes  tbey 
divided  this  into  two  equal  torrid 
zones,  by  the  equator,  one  to  the 
north,  and  the  other  south ;  anA 
then  the  whole  number  of  zomi 
was  accounted  six. 

The   difference  of  zones  is  ah 
tended  with  a  great  diverMyof 
phenomena.    In  the  torrid  sone, 
the  sun  passes  throagh  the  zenith 
of  every  place  iu  it  twice  a  year; 
making  as  it  were  two  aammers  in 
the  year;  and  the  iDhabitants  of 
this  zone  are  called  amphiscianjB, 
because  they  have  their  no<m-day 
shadows  projected  different  ways 
ill   different   times    of  the   year, 
northward    at    one    season,    and 
southward  at  the  other.    In  the 
temperate   and   frigid  sones,  the 
sun  rises  and  sets  every  natural 
day  of  24  hours.  Yet  every  where, 
but  under  the  equator,  the  artiti 
cial  days  are  of  unequal  length: 
aiiii  the  inequalil^.Ji  the  greater, 
as  the   place  is  farther  from  the 
equator.     The  inhabitants  of  tlie 
temperate  zones  are  culled  heter 
roscians,   because  tlieir  noon-day 
shadow  is  cast  the  same  way  ail 
the  year  round,   viz.  those  in  the 
north  zone  toward  the  north  pole, 
and    those  in  the  south   zone  to- 
ward tlie  south  pole.    Within  the 
frigid  zones,  the  inhabitants  have 
their  artificial  days  and  nights  ex. 
tended  out  to  a  great  length  ;  the 
sun    sometimes   skirting    round    a 
little  above  the  hoiizon   for  many 
days  together;  and  at  another  mi-u- 
son  never  risini;  above  the  horizon 
at  all,  but  making  continual  night 
for  a  considerable  space  of  time. 
The  inhabitants  of  these  zones  are 
called   ueriscians,    because    some- 
times   they    have    their    shadows 
going   quite    round   them   iu   tlie 
space  of  24  hours. 
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